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1.0 PROJECT BACKGROUND 


1.1 Project goals 
Gulf Coast Sequestration (GCS) seeks to build and operate the United States premier saline 
sequestration asset, Project Minerva, in the Louisiana Gulf Coast.  Once completed, the GCS “hub” 
is expected to be the largest geologic carbon capture sequestration project in the United States and 
one of the largest in the world, designed to permanently store more than 80 million tons of carbon 
in a saline aquifer. With the capacity to sequester 2,700,000 tons of CO2 annually, Project Minerva 
will have the same carbon offset impact as more than 600 utility-scale solar facilities or some half 
a million-household rooftop solar panels. 
Project Minerva envisions sourcing CO₂ volumes from industrial producers of CO₂ in the Eastern 
Texas and Southwestern Louisiana industrial corridors.  Project Minerva desires to enable the 
United States manufacturing and industrial base in the Texas and Louisiana Gulf Coast to continue 
to provide jobs and economic opportunity while minimizing the amount of CO₂ which would have 
been emitted into the earth’s atmosphere.  GCS maintains that both economic and environmental 
stewardship can advance in unison with an asset such as Project Minerva.  GCS intends to see this 
vision become a reality.  


1.2 Ownership 
GCS is a wholly owned subsidiary of the Stream family, a multi-generational single-family office, 
based in Lake Charles, Louisiana.  In addition to other investments, the Stream family are long-
term landowners in Southwestern Louisiana, owning and operating land assets for well over a 
century in and near Lake Charles.  The Stream family have protected and restored tens of thousands 
of acres of wetlands and sustainably managed thousands of acres of timber assets.  The GCS 
sequestration “hub” is a natural fit for the Stream family.   


1.3 Proposed injection mass/volume and CO2 source 
Project Minerva is designed for four wells which are spread into two project areas – ‘Perry Ridge’ 
located in southwestern Calcasieu Parish and ‘South Island’ located in northwestern Cameron 
Parish.  Each of Perry Ride and South Island project areas will contain four injection wells 
emanating from a single surface location per project area.  Four injection wells were selected to 
maximize access to the available pore volume of the Oligocene Frio Formation and to disperse and 
maximize the flow of CO₂ from the project areas.  Project Minerva is designed to operate for thirty 
years at a nameplate capacity per annum of 2.7 million metric tons of CO₂ across all four injection 
wells.  
CO₂ is anticipated to be sourced from industrial facilities in Southwestern Louisiana and 
Southeastern Texas, primarily from the Lake Charles and Beaumont industrial corridors.  
According to Environmental Protection Agency (EPA) Facility Level Information on GreenHouse 
gases Tool (FLIGHT) the total CO₂ emissions from the four counties/parishes which abut Project 
Minerva emitted nearly 57 million metric tons of CO₂ in 2018 (EPA FLIGHT database at 
https://ghgdata.epa.gov/ghgp/).  The two counties in Texas are Jefferson and Orange and the two 
parishes in Louisiana are Cameron and Calcasieu.  Project Minerva does not have a dedicated 
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source of CO₂ under contract but is in advanced stage discussion on offtake arrangements for CO₂ 
with a number of counterparties with assets in the four county/parish area discussed above. 
 
2.0 REGIONAL GEOLOGICAL DESCRIPTION  


2.1 Regional Geological Background  


2.1.1 Gulf of Mexico regional geologic setting 
The Gulf of Mexico is a relatively small ocean basin covering an area of more than 579,000 mi2 
(1.5 million km2) (Ocean Exploration and Research Website, 2018).  Since ~135 million years 
ago, the basin has been a stable geologic province characterized by the persistent subsidence of its 
central part, and the massive influx of clastic sediments off the North American Continent, forming 
thick prograding clastic wedges along its northwestern and northern margins.  Sediment input has 
been particularly voluminous since the start of the Paleogene and is responsible extensive 
deformation of underlying salt and the resulting abundance of prolific hydrocarbon systems along 
the Gulf Coast of Louisiana and Texas (Figure 2.1 and Figure 2.2) (Foote et al., 1984).  The Project 
Minerva interval of interest comprises >8,000 ft of dominantly clastic strata. 


2.1.2 Gulf of Mexico Basin origin and early evolution 
Around 200 million years ago, the super continent Pangea split into two separate and smaller 
supercontinents, Laurasia (which would later become North America, Europe, and Asia) and 
Gondwana (which would later become South America, Africa, Antarctica, and Australia).  As 
Pangea rifted apart, a section of the fracture between the future North American and South 
American continental plates expanded and the resulting stretching as well as thinning of the Earth’s 
crust created a large depression that would become the Gulf of Mexico basin (Ocean Exploration 
and Research Website, 2018). 


2.1.3 Deposition of thick Mid Jurassic salt deposits 
As spreading of new oceanic crust expanded and deepened the young Gulf of Mexico basin, 
between 160 and 140 million years ago (mid to late Jurassic), it was intermittently filled by 
seawater from the Pacific and early Atlantic, creating shallow bodies of water with restricted flow 
conditions.  Repeated cycles of seawater flooding and evaporation resulted in the formation of 
extensive salt accumulations that locally attained thicknesses of 10,000 to 15,000 ft thick before 
flowage into the numerous pillows, massifs, and diapiric stocks that today dominate the structural 
fabric of much of the Gulf basin (Foote et al., 1984). 


2.1.4 Dominantly carbonate deposition from late Jurassic until the late Cretaceous 
Following the last major cycle of evaporitic deposition early in Late Jurassic time, the Gulf of 
Mexico region was flooded by open seas.  Depositional environments quickly changed from 
evaporitic and continental to shallow and, perhaps locally, deep marine.  Terrigenous sands and 
muds initially were deposited across the basin, and eventually they were overlain by predominantly 
carbonate accumulations as subsidence slowed and the supply of terrigenous clastic material 
waned.  A carbonate depositional regime prevailed into the Early Cretaceous, during which time, 
broad carbonate banks composed of limestones, dolomites, and interbedded anhydrites were 
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constructed around the periphery of the basin.  Carbonate muds accumulated in the deeper water 
areas between these broad banks.  As reef construction and sedimentation kept pace with regional 
subsidence, the banks were continually built upward as their foundations sank (Foote et al., 1984).   


2.1.5 Voluminous clastic sediments dominate during late Cretaceous 
General uplift of the North American continent during latest Cretaceous and early Tertiary times 
was related to the tectonic formation of the Rocky Mountains in the western United States; this 
general uplift produced voluminous amounts of clastic sediment throughout the Tertiary period.  
Large volumes of land-derived sands and muds were deposited in successively younger wedges of 
off-lapping strata as the basin subsided relatively rapidly.  Alternate periods of load-induced 
subsidence and up-building of sediments followed by less subsidence and out-building of 
sediments produced the multiple transgressions and regressions of depositional environments that 
are characteristic of the Tertiary sequence along the Louisiana and Texas Gulf Coast.  Sediment 
supplies during Cenozoic time overwhelmed the general rate of subsidence, causing the margins 
to be prograded as much as 240 mi (384 km) from the edges of Cretaceous carbonate banks to the 
present position of the continental slopes off Texas and Louisiana (Foote et al., 1984). 
Cenozoic and Mesozoic shales and dense limestones demonstrably serve as seals in producing oil 
and gas fields regionally.  Cenozoic sedimentary units of clastic origin deposited across the Gulf 
Coast, such as those of interest at Project Minerva, appear as dominantly well-layered alternating 
sands and shales, based upon their seismic characteristics, the widely accepted depositional model 
and data collected from drilled wells (Foote et al., 1984).   


2.1.6 Pleistocene glacial sedimentation forms dominant USDW interval 
The voluminous infilling of the Gulf basin during Tertiary time was followed by sediment influx 
of similar proportions due to the profound effects of continental Pleistocene glaciation.  Sea levels 
rose and fell in concert with climatic conditions that controlled the retreats and advances of glacial 
sheets.  Pleistocene sediments accumulated along the outer shelf and upper slope regions of the 
northern gulf margin, blanketing the Project Minerva area (Foote et al., 1984).  The main 
underground source of drinking water (USDW) at Project Minerva, the Chicot reservoir, was 
deposited at this time. 


2.1.7 Regional structural framework 
Tectonism caused by sediment loading and gravity has played a major role in contemporaneous 
and post-depositional deformation of Tertiary strata, however the continental margins and deep 
ocean basin regions of the Gulf of Mexico, are relatively stable areas (Foote et al., 1984). 
During the Tertiary, large quantities of sand and mud were deposited along the margins of the Gulf 
of Mexico and these sediments accumulated in a series of wedges that thicken and dip gulfward.  
Large growth fault systems formed near the downdip edge of each sediment wedge within the area 
of maximum deposition; these faults developed as a result of rapid sediment loading (Swanson 
and Karlsen, 2009) which caused the plastic flowage of underlying Jurassic salt deposits and 
masses of under-consolidated Cenozoic shale (Figure 2.3).  Mobilization of salt resulted in the 
formation ridges and troughs and extensive salt diapirism, many of which have pierced many 
thousands of feet of overlying strata.  Regional faulting typically occurred parallel to successive 
shelf edges during Tertiary and Quaternary times, down-thrown towards the gulf (Foote et al., 
1984).  Radial faulting is common around major salt diapirs (eg.  Vinton Dome).
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2.2 Geological background of the Oligocene and Miocene (Interval of Interest) 


2.2.1 Interval of interest overview 
Project Minerva is primarily interested in the Late Oligocene Frio Formation (sandstone-rich 
Injection Zone) and Anahuac Formation (shale-rich Confining Zone).  Attention has also been paid 
to the Miocene interval (clastic-/shale-rich Secondary Confining Zone) and the Quaternary interval 
(glacial sediments and regional potable water aquifers) (Figure 2.2 and Figure 2.5). 


2.2.2 Regional geological setting of Project Minerva 
Project Minerva lies within the “Frio Expanded Fault Zone”, where large-scale regional fault 
movement generated accommodation space for thick, clastic Frio reservoir sandstones, and a 
subsequent transgressive sealing shale (Anahuac Formation) (Figure 2.2 and Figure 2.3).  Regional 
structure dips to the south and is dominated by deep-seated “fault zones” (bands / complexes of 
closely aligned faults) generally dipping towards the Gulf, driven by gravity sliding along 
underlying salt and shales.  Simplified fault zones are shown on regional maps where 3D seismic 
is not available for detailed analysis.  Salt dome features are visible as structural highs typically 
surrounded by radial faulting (Figure 2.6).   


2.2.3 Oligocene Deposition 
During the Oligocene four sediment-dispersal axes dominated the Gulf margin (Figure 2.7).  The 
Houston, and central Mississippi deltas, provided a source of coarse-grained sediment at Project 
Minerva (Swanson & Karlsen, 2009).  Oligocene sediments were deposited along the Gulf Coast 
basin as cyclic depositional units, which represent transgressive and regressive stages of 
deposition.  These depositional cycles were caused by variations in sediment supply and 
subsidence.  Oligocene deposits are subdivided according to depositional cycles (Figure 2.5) 
(Foote et al., 1984). 


1. Lower Oligocene (Vicksburg) represents a transgressive phase (mainly shale and some 
sandstone lenses) and underlies our interval of interest 


2. Middle Oligocene (Frio) represents a regressive phase (sandstones interbedded with marine 
shales) 


3. Upper Oligocene (Anahuac) represents transgression (marine shales and thin sandstones) 


2.2.4 Frio Formation 
The Middle Oligocene Frio Formation is a very thick sequence of regressive sediments that were 
deposited rapidly in alluvial, lagoonal and inner-neritic environments, forming a major 
progradational wedge along the Gulf.  Non-marine sands were deposited in constantly shifting 
deltas and are interbedded with marine shales that were deposited during periods of local 
transgression.  The massive/stacked Frio sands seen at Project Minerva are likely related to thick 
accumulations in shorezone of strand plain and deltaic environments.  Locally, lenses of Frio 
sandstone may shale-out along strike into the Frio shales (Foote et al., 1984).  Regionally, the 
extent of the Frio Sandstone trend is defined to the north (southern Beauregard Parish) by transition 
into fine-grained, mix-load dominated fluvial sediments, and to the south (offshore Gulf of 
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Mexico) by large-scale fault-related juxtaposition against thick, fine-grained formations in the 
overlying Neogene.  (Swanson et al., 2013). 


2.2.5 Hackberry Trend 
A transgressive, deep water shale and sandstone unit referred to as the “Hackberry” occurs in the 
middle to lower part of the Frio Formation.  Oligocene turbidite sands were deposited in nearshore 
and deep marine environments, in a relatively confined area of southern Louisiana and Texas 
where deltas prograded directly into deeper waters (Figure 2.7 and Figure 2.10) (Foote et al., 1984).  
The Hackberry interval appears in the middle to lower Frio Formation and is characterized by thick 
shales punctuated by incised submarine channel sandstones. 


2.2.6 Anahuac Formation 
The Frio Formation is regionally overlain by late Oligocene, the Anahuac Formation, a 
transgressive marine shale containing sandstone, carbonate bank, and carbonate reef deposits.  The 
Anahuac Formation occurs in the subsurface of Texas, Louisiana, and southwestern Mississippi 
(Figure 2.12).  Three depositional systems have been proposed in south-central and southwestern 
Louisiana: proximal deltaic, distal deltaic, and slope environments (Swanson et al., 2013). 
The Anahuac Formation strata of southwestern Louisiana and Texas typically consist of light- to 
dark-greenish-gray calcareous shale that is interbedded with thin beds of locally calcareous 
sandstone and limestones.  In western and central parts of Louisiana (Project Minerva area) the 
interval mostly comprises shales with lesser sandstones, while limestones and calcareous clastics 
dominate in Anahuac eastern Louisiana and the eastern Gulf of Mexico, where clastic influx was 
minimal (Swanson et al., 2013). 


2.2.7 Miocene Deposition 
At the end of Oligocene time, the depocenters shifted northeastward into southern Louisiana where 
the ancestral Mississippi River began to supply large quantities of sand, silt, and mud.  In each 
Miocene depocenter, sediments were deposited on deltas and further distributed gulfward and 
laterally across broad shelf areas by marine currents Progradation of coastal depositional 
environments dominated throughout Upper Miocene and Pliocene times and represent persistent 
and laterally uniform sedimentary environments.  In southern Louisiana depocenters, Miocene 
deposits exceed 20,000 ft in thickness and comprise prolific source beds, reservoir rocks, 
structural-stratigraphic traps, and reservoir seals (Foote et al., 1984). 
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Figure 2.5 Schematic stratigraphic column illustrating the relative position of the Confining and 
Injection Zones.


Anahuac Shale  
CONFINING ZONE 


Upper Frio Formation 
INJECTION ZONE 


Middle Frio Formation/ 
Hackberry shale 


Miocene 
SECONDARY 
CONFINING ZONE 
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4.0 PROJECT AREA SPECIFIC DESCRIPTION OF THE GEOLOGY OF THE AOR 


4.1.1 Project Minerva Geological System Overview 
Project Minerva benefits from an ideal geological system involving the late Oligocene Frio 
Formation reservoir sealed by the overlying Anahuac shale interval, in a broad syncline structure 
created by the interplay of regional fault zones and salt diapirs.  Secondary sealing is provided by 
a shale-rich Miocene (Figure 4.1).  Significant separation exists between the top of the Frio 
Formation and the deepest mapped USDW.  See Figure 4.2 for a schematic cross section of the 
system. 


4.1.1.1 Injection Zone – High Net-to-Gross Upper Frio Formation 
The Frio Formation comprises a thick series of stacked, laterally extensive, high net-to-gross 
deltaic and marginal-marine sandstones.  It is a proven high quality reservoir interval (>8% 
porosity) and is one of the largest hydrocarbon producers from the Paleogene in the Gulf of 
Mexico.   
At Project Minerva, the Frio Formation comprises three distinct zones – Upper, Middle and Lower 
– clearly visible in geophysical log data (Figure 4.3).  The Upper and Middle zones contain the 
highest quality and most prolific reservoir sandstone intervals.  Both the Upper and Middle Frio 
intervals have been extensively developed in in southwest Louisiana, however, at Project Minerva, 
the Upper Frio is sparsely drilled and water-wet.   


4.1.1.2 Confining Zone – Low Permeability Anahuac Shale 
Progradation of shore-zone (Frio Formation) depositional systems across Project Minerva in the 
early Oligocene was followed by sustained systems tract retreat during the late Oligocene.  The 
shale-rich retrogradational systems tract (Confining Zone) that overlies and seals the Injection 
Zone is known regionally as the Anahuac Formation.  It typically comprises thick (average 750ft), 
low vertical permeability (~10-6 mD), fine-grained, open-marine deposits, light- to dark-greenish-
gray calcareous shale that is interbedded with thin beds of locally calcareous sandstone and 
limestones.  Regionally extensive deposition occurred in proximal deltaic, distal deltaic, and slope 
environments and completely covers the Project Minerva area (Swanson et al., 2013). 


4.1.1.3 Secondary Confining Zone and USDW– Miocene Overburden 
The Miocene in the Louisiana coast is one of the thickest wedges of terrigenous clastic sediments 
fed by a complex river system in the northern Gulf of Mexico.  In the Early Miocene, active salt 
tectonics restricted deposition to the shelf with the salt reinforcing the prograding slope, thereby 
trapping sediments on the shelf (Coker, 2006).  This resulted in more than 7,000ft of Miocene 
strata (>1,100 feet net impermeable shale) being deposited across the Project Minerva site.  
Extensive shales within this interval act as secondary confinement of the Frio reservoir and the 
interval provides significant vertical separation of the USDW (Figure 4.2)
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earthquakes can occur there, including some that are triggered by oil or gas production.  Elsewhere 
in Texas, earthquakes are exceedingly rare.  However, the hazard level is not zero anywhere in 
Texas; small earthquakes remain possible.   
A series of moderate earthquakes in the Texas - Louisiana border region near Hemphill started on 
April 23, 1964.  Epicenters were determined on April 23, 24, 27, and 28.  There were numerous 
additional shocks reported felt at Pineland, Hemphill, and Milam.  The only damage reported was 
from the magnitude 4.4 earthquake on April 28 - wallpaper and plaster cracked at Hemphill.  The 
magnitude of the other epicenters changed from 3.4 to 3.7.  Shocks were also felt at Pineland on 
April 30 and May 7.  On June 2, three more shocks were reported in the same area.  The strongest 
was measured at magnitude 4.2; intensities did not exceed IV.  Another moderate earthquake on 
August 16 awakened several people at Hemphill and there were some reports of cracked plaster.  
The shock was also felt at Bronson, Geneva, Milam, and Pineland.   
Finally, there is some risk to Texas from earthquakes that may occur outside of the state.  Large 
earthquakes similar to the 1811-1812 Missouri-Tennessee earthquakes would probably damage 
some structures in North Texas that aren't designed to withstand earthquakes.  There is also 
potential hazard in the Panhandle area from earthquakes that may occur in Oklahoma. 
In the Project Minerva area, the likelihood of an earthquake caused by natural forces or fluid 
injection is considered remote.  Injection of carbon dioxide at Project Minerva is expected to be at 
comparatively low pressures and take place into deep, high porosity-high permeability formations 
that are extensive over a broad area that is not subject to natural earthquakes.  Therefore, the 
probability of an earthquake of sufficient intensity to damage the injection system, injection well, 
or the confining layer is very low. 


4.2.4.3 Induced Seismicity 
Seismicity related to fluid injection normally results from activity involving high pressures and 
large volumes, such as those associated with high-pressure water flood projects for enhanced oil 
recovery.  This seismicity is caused by increased pore pressure, which reduces frictional resistance 
and allows the rock to fail.  Fluid withdrawal has caused land subsidence and earthquakes due to 
dewatering and differential compaction of the sediments.  Earthquakes of magnitude 3.4 to 4.3 on 
the Richter scale appear to have been caused by fluid withdrawal near some oil fields in east Texas 
(Davis et al., 1987), such as Sour Lake, Mexia, and Wortham Fields.    
Since 2010, the occurrence of earthquakes with a magnitude greater than 3.0 have increased from 
20 events per a year (1967-2000) to over 100 events per a year (2010-2013) in the central and 
eastern US region (Ellsworth, 2013).  The increased rate of occurrence in previously inactive 
seismic areas has been correlated with the increased use of injection wells located near faults.   
Fluid injection induced earthquakes are most likely caused by the increased pore pressure from 
injection operations which have reduced effective stress of faults leading to failure.  This 
mechanism has been used to explain the best-known cases of injection-induced seismicity which 
was first studied in the Rocky Mountain Arsenal near Denver.  New case studies have increased 
with the use of wastewater injection wells associated with hydraulic fracking.  In many sites, 
smaller seismic occurrences have shown to be precursors to larger events.  More data has become 
available since the Rocky Mountain study in the 1960’s, leading to a better understanding of factors 
and processes associated with induced-seismicity.   
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One of the most notable regional cases of induced seismicity associated with injection wells 
occurred in Youngstown, Ohio.  In 2011, 12 low-magnitude seismic events occurred along a 
previously unknown fault line (Ohio Department of Natural Resources, 2012).  These events 
occurred less than a mile from Class II injection well Northstar I.  Previously, the area was 
seismically inactive, with earthquakes beginning a few months after the injection of wastewater.  
The injectable pressure at Northstar I was increased twice over 6 months (Ohio Department of 
Natural Resources, 2012) and may have reduced the effective stress on a fault.  After the well was 
shut down by the Ohio Department of Natural Resources, the seismic activity declined.  As a result 
of this case, seismic monitoring prior to injection and after injection has become common in Class 
II sites. 
A case study in the Dallas-Fort Worth area tied small seismic events to a Class II injection well.  
11 hypocenters have been observed at a focal depth of 4.4 km and 0.5 km from a deep saltwater 
disposal (SWD) well (Frohlich et al., 2010).  Injection at this well began 8 weeks prior to the first 
recorded seismic event.  A northeast trending fault is located approximately at the same location 
of the DFW focus (Frohlich et al., 2010).  As a result of fluid injection into the disposal well, the 
stress upon the fault had been reduced and thus reactivated the fault (Frohlich et al., 2010).  All of 
the seismic events associated with the DFW focus are small magnitude events (less than 3.3) and 
occurred very shortly after initial injection. 
In Oklahoma, one of the largest earthquakes in the state’s history may have been a result of 
wastewater injection at a Class II disposal site.  In 2011, Prague, Oklahoma was the location of a 
5.7 magnitude earthquake that was followed by thousands of smaller aftershocks.  Wastewater had 
been pumped continuously into an old oil well for 17 years.  As the pore spaces filled, the wellhead 
pressure was increased to continually inject the wastewater.  This reduced the effective stress upon 
the Wilzetta fault located 650 meters from the well (Keranen et al., 2013).  The fluid was injected 
into the same sedimentary strata at which 83% of the aftershocks originated (Keranen et al., 2013).   
In this case, the seismic event occurred years after the initial injection phase.  Since the area was 
considered low risk seismically, there is no data on smaller earthquakes that may have proceeded 
the event in 2011. 
In north-central Arkansas, multiple earthquakes have been triggered because of a Class II injection 
well.  Since the operation of the disposal well in 2009, the site has experienced an increase from 2 
events in 2008 to 157 events in 2011 (Horton, 2012).  It was also tied to the discovery of a new 
vertical fault.  98% of earthquakes within this area occurred within 6 km of one of three waste 
disposal sites (Horton, 2012).  The depth of the earthquake foci occurred between 6.7 and 7.6 km.  
Injection of fluid occurred at a depth of 2.6 km.  At this disposal site, and E-W trending (Enders 
Fault) cut into the aquifer in which the fluid was injected and then acted as a conduit to the new 
fault at the depth of 6.7 to 7.6 km (Horton, 2012).  The disposal wells were shut down in 2011 by 
the Arkansas Oil and Gas Commission.  The rate and size of the earthquakes steadily decreased 
following the shutdown of the wells (Horton, 2012).   
In Texas there are at least two known examples of previously seismically inactive areas becoming 
seismically active after major injection programs began.  One site is located in the Central Basin 
Platform, near Kermit, and the other is in the Midland Basin near Snyder.  In both cases, large 
scale, high pressure, oil field related, water flooding projects were under way, and earthquakes 
with a magnitude of over 4.0 on the Richter scale were recorded.  Historically, induced earthquakes 
in Texas have not exceeded 4.6 magnitudes (Frohlich et al., 2010).  Factors for an induced 
earthquake are limited to the distance a well is located from a fault, the stress state of the fault, and 
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a sufficient quantity of fluids from the injection well at a high enough pressure and enough time 
to cause movement along the fault (Ohio Department of Natural resources, 2012).  A hydraulic 
conduit from the injection zone to a fault may also induce earthquakes (Ellsworth, 2013).  The 
largest injection-induced events are associated with faulting that is deeper than the injection 
interval, suggesting that the increased pressure into the basement increases the potential for 
inducing earthquakes (Ellsworth, 2013).  In all in cases, faults have been reactivated at or in close 
proximity of Class II injection sites.  In some cases, previously unknown faults have been 
discovered.  No induced earthquakes have been known or are postulated to have been caused by 
Class I injection operations (Davis et al., 1987).   
The potential for induced seismicity at Project Minerva can be evaluated using the very 
conservative "zero-cohesion Mohr-Coulomb failure criterion," recommended by the U.S.  
Geological Survey (Wesson and Nicholson, 1987).  This method is based on the following 
equation: 


    


                  (1) 
where: 


 Pcrit = the critical injection zone fluid pressure required to initiate slippage along 
faults and fractures 
 Sv = the total overburden stress (which represents the maximum principal stress 
in the Gulf Coast region) 


  = the ratio of the minimum principal stress (horizontal in the Gulf Coast 
region) to the maximum principal stress (overburden stress) 
 
Inherent in Equation (1) are a number of conservative assumptions, guaranteed to produce a worst-
case lower bound to the critical fluid pressure for inducing seismicity.  These are: 
1) It neglects the cohesive strength of the sediments 
2) It assumes that a fault or fracture is oriented at the worst possible angle 
3) It assumes a worst-case value of 0.6 for the coefficient of friction of the rock (see Figure 4 
of Wesson and Nicholson, 1987) 
 
For present purposes, Equation (1) can be expressed in a more convenient form by introducing the 
so-called matrix stress ratio (Ki) (Matthews and Kelly, 1967; Eaton, 1969), which is defined as the 
ratio of the minimum to the maximum "effective" principal stresses.  Effective principal stress is 
equal to actual principal stress minus fluid pore pressure (po).  Thus: 


          (2) 


Substituting Equation (2) into Equation (1) yields:
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         (3) 


where Pcrit is the critical injection zone pressure build-up required to induce seismicity, with: 


       Pcrit = po + Pcrit         (4) 
Equation (3) will be used to evaluate induced seismicity at Project Minerva. 


( )P
K


S pcrit
i


v o=
−










 −


3 1


2







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 95 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 96 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 97 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 98 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 99 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 















Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 102 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 103 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 104 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 


 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 105 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 


 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 106 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 107 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Project Narrative for Project Minerva  Page 108 of 142 


Permit Number: INSERT PERMIT NUMBER 


 
Figure 4.37 Regional hydrostratigraphic column for southeastern Texas and southwestern Louisiana. 







Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


Application Narrative for Project Minerva  Page 109 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFROMATION 







Application Narrative for Project Minerva  Page 110 of 142 


Permit Number: INSERT PERMIT NUMBER 


Narrative Revision Number: v1 
Narrative Revision Date: 3/26/2021 


4.6.3 Regional Groundwater Flow 
Groundwater moves through aquifer systems from areas of high hydraulic head to areas of lower 
hydraulic head.  Regional uses from industry and the public water systems have some impacts on 
diverting the direction of flow.    
The Chicot regional flow is in the direction of development.  Major development of groundwater 
occurs around the Lake Charles area.  In Cameron Parish, due to aquifer development, the direction 
of groundwater flow is primarily north and northeast (Lovelace et al, 2004). 
A map of the potentiometric surface for the Chicot aquifer (Figure 4.39) shows the direction of 
groundwater flow.  Lovelace et al. (2004) indicated that the flow direction is towards major 
pumping areas such as Lake Charles in Calcasieu Parish and the northern part of Acadia Parish 
and south Evangeline Parish, where there is heavy pumping for industrial and irrigation 
uses.  Control points and wells in the analysis are located on Table 4.3.9.  The direction of flow 
of groundwater is downgradient at 90 degrees to the potentiometric contours at right angles.  An 
additional issue from pumping and heavy groundwater usage is the upwards coning of 
saltwater that can occur as response to freshwater withdrawal.  The result is higher salinity 
waters being pulled upwards as pumping increases in aquifers that are hydraulically 
connected.  Along the coast in the southwestern and southern portion of Louisiana, saltwater is 
being gradually pulled inland (northwards) due to over pumping of groundwater aquifers for 
industry and agriculture, especially during the peak rice irrigation and aquaculture harvesting 
seasons.  Two regional cross sections (Figure 4.40) extending across Calcasieu Parish show that 
the southern portion of the parish is impacted by saltwater encroachment in the Chicot aquifer (and 
by default the Evangeline) from the Gulf of Mexico.  Increasing chloride concentrations between 
1968 and 1984 indicated that a northwards or upward movement of the freshwater-saltwater 
interface in areas east and south of Lake Charles. 
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4.6.4 Local Hydrogeology 
The Project Minerva site is located  


.  Hydrostratigraphic units of importance range in age from 
Miocene to recent-aged strata and include in ascending order: (1) Lagarto, (2) Goliad, (3) Willis, 
(4) Lissie (which is subdivided into the Montgomery and Bentley formations), (5) Beaumont 
Formation, and (6) Holocene/Recent sediments (Figure 4.37).  Within this stratigraphic section are 
the two main aquifers of local interest, which are the Chicot aquifer and the Evangeline aquifer.  
The base of the lowermost USDW is located approximately at the base of the Chicot aquifer 700-
Foot Sand or at the top portion of the Evangeline aquifer. 
Within the local project area, the Evangeline aquifer predominantly contains saline ground water 
(greater than 10,000 mg/l TDS).  Upper and lower boundaries to the Chicot include the Goliad 
Formation and the upper part of the Lagarto Formation, respectively.  The Evangeline and Chicot 
aquifers are usually separated by confining clay, however, when this clay is absent, the geologic 
boundary between the two aquifers is indistinguishable.  In general, the Evangeline aquifer tends 
to have greater sand to clay ratio with individual sand beds up to several tens of feet thick.  Because 
the Evangeline aquifer is mostly saline within the Project Minerva area, it is not considered a 
USDW and is not used for groundwater in Calcasieu Parish.   
The shallower Chicot aquifer contains upper and lower members separated by clay beds.  The 
upper member of the Chicot aquifer consists of a basal sand overlain by clay and is actually part 
of both the Lissie Formation and the Beaumont Formation.  Elevated chloride content prevents the 
lowermost member of the Chicot aquifer from being a source of potable water the southern portion 
of Calcasieu Parish.  The Chicot Aquifer System is the main local aquifer system for the Project 
Minerva area and is the target of the majority of water wells within the AoR and 5 mile AoR buffer. 


4.7 Detailed description of Geochemistry  
A data collection program will be designed and implemented to fully characterize mineralogy in 
the Injection and Confining Zones.  Based on regional analogues (eg.  BEG pilot injection 
program) no compatibility issues are predicted. 
Geochemical modelling was confined to the dissolution of CO2 into the formation fluids. 
The principal chemical reaction we wish to model in Reveal was the dissolution of CO2 into the 
formation brine and its dissociation into H+ and CO3


2-. 
 


CO2 (supercritical phase) <-> CO2 (aqueous phase)    
CO2 (aqueous phase) + H2O <-> H2CO3 (aqueous phase)    
H2CO3 <-> 2H+ + CO3


2- (a weak acid)      
 


Only a small fraction of the dissolved CO2 exists as the acid H2CO3, the equilibrium constant being 
equal to 1.3E-3 typically.  The time scale to form H2CO3 is of the order of seconds.  Other possible 
geochemical reactions are not considered in the current study. 
To specify this reaction, we defined the following species in the Reveal/PHREEQC model: 
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6.0 DESCRIPTION OF AOR AND CORRECTIVE ACTION PLAN 


6.1 Description of the files submitted for the AOR and the Corrective Action plan 
The fully completed AoR and Corrective Action Plan Report has been submitted via the GSDT in 
‘Confidential Business Information’ form. All Tabs that require input data within the module have 
also been completed and submitted via the GSDT. 
The report covers in detail the computational modelling approach to the delineation of the Area of 
Review (AoR), the Corrective Action Plan relating to existing well penetrations within the AoR 
and the Reevaluation Schedule for AoR delineation once operations commence. A thorough 
review of the hydrogeology was also supplied as an appendix to the main report, along with a 
comprehensive bibliography of references utilized during the AoR modelling execution and 
reporting phase.  
The AoR and Corrective Action Plan Report satisfies rule requirements 40 CFR 146.82(a)(13), 


146.84(b) and 146.84(c). 


AoR and Corrective Action GSDT Submissions 


GSDT Module: AoR and Corrective Action 


Tab(s): All applicable tabs 


 


Please use the checkbox(es) to verify the following information was submitted to the GSDT: 


☒ Tabulation of all wells within AoR that penetrate confining zone [40 CFR 146.82(a)(4)]  
☒ AoR and Corrective Action Plan [40 CFR 146.82(a)(13) and 146.84(b)]  
☒ Computational modeling details [40 CFR 146.84(c)]  


 
7.0 DESCRIPTION OF FINANCIAL RESPONSIBILITY 


7.1 Description of the files submitted for the financial responsibility.   
The Financial Responsibility submission is currently being prepared and will be filed via the 
GSDT when it is complete. 
The Financial Responsibility submission will  satisfy rule requirements 40 CFR 146.82(a)(14) and 


146.85). 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 121 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 


Financial Responsibility GSDT Submissions 


GSDT Module: Financial Responsibility Demonstration


Tab(s): Cost Estimate tab and all applicable financial instrument tabs


Please use the checkbox(es) to verify the following information was submitted to the GSDT: 


☐ Demonstration of financial responsibility [40 CFR 146.82(a)(14) and 146.85]







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 122 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 123 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 124 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 125 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 126 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 127 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 128 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 129 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 130 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 131 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 132 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 133 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 134 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 135 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 







Plan revision number: v1 
Plan revision date: 03/26/2021 


Application Narrative for Project Minerva Page 136 of 142 


Permit Number: INSERT PERMIT NUMBER 
CONFIDENTIAL BUSINESS INFORMATION 


9.0 DESCRIPTION OF PRE-OPERATIONAL LOGGING AND TESTING PLAN 


9.1 Description of the documents that are submitted to the GSDT 
The Pre-Operational Logging and Testing Plan submission is currently being prepared and will be 
filled be filed via the GSDT when it is complete. 
The Pre-Operational Logging and Testing Plan submission satisfies rule requirements. 40 CFR 


146.82(a)(8) and 146.87 


Pre-Operational Logging and Testing GSDT Submissions 


GSDT Module: Pre-Operational Testing 


Tab(s): Welcome tab 


 


Please use the checkbox(es) to verify the following information was submitted to the GSDT: 


☐ Proposed pre-operational testing program [40 CFR 146.82(a)(8) and 146.87]  


 
10.0 DESCRIPTION OF WELL OPERATION PLAN 


The Well Operation Plan submission will be submitted when the CO₂ streams have been identified 
for the nameplate capacity of Project Minerva. 


10.1 Operational Procedures 
The Operational Procedures [40 CFR 146.82(a)(10)] submission is currently being prepared and 
an update to this report will be filed via the GSDT when it is complete.
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10.2 Description of the proposed Carbon Dioxide Stream 
The Description of the proposed Carbon Dioxide Stream [40 CFR 146.82(a)(7)(iii) and (iv)] 
submission is currently being prepared and will be filed via the GSDT when it is complete. 
 
11.0 DESCRIPTION OF TESTING AND MONITORING PLAN 


11.1 Description of the documents that are submitted to the GSDT 
The Testing and Monitoring Plan Report has been submitted via the GSDT in ‘Confidential 
Business Information’ form. All tabs that require input data within the module have also been 
completed and submitted via the GSDT.  A ‘Confidential Business Information’ version has been 
submitted to Region VI of EPA as well.  
The report covers in detail the overall strategy and approach for testing and monitoring, carbon 
dioxide stream analysis, continuous recording of operational parameters, corrosion monitoring, 
above confining zone monitoring, external mechanical integrity testing, pressure fall off testing, 
carbon dioxide plume and pressure front tracking, environmental monitoring at the surface, 
sampling/analytical procedures. A Class IV well Quality Assurance and Surveillance Plan (QASP) 
was submitted as an appendix along with additional information relation to project management, 
data generation and acquisition, assessment and oversight and data validation and usability.  
The Testing and Monitoring Plan Report satisfies rule requirements 40 CFR 146.82(a)(15) and 
146.90. 


Testing and Monitoring GSDT Submissions 


GSDT Module: Project Plan Submissions 


Tab(s): Testing and Monitoring tab 


 


Please use the checkbox(es) to verify the following information was submitted to the GSDT: 


☒ Testing and Monitoring Plan [40 CFR 146.82(a)(15) and 146.90]  


 
12.0  DESCRIPTION OF INJECTION AND WELL PLUGGING PLAN  


12.1 Description of the documents that are submitted to the GSDT 
The Injection and Well Plugging Plan has been submitted via the GSDT in ‘Confidential Business 
Information’ form. All Tabs that require input data within the module have also been completed 
and submitted via the GSDT.  A ‘Confidential Business Information’ version has been submitted 
to Region VI of EPA as well. 
The report covers in detail the planned tests and measurements to determine the bottom hole 
reservoir pressure, Planned External Mechanical Integrity Test, Information on Plugs, methods 
used for volume calculations, notifications, permits and inspections required, plugging procedures 
and contingency procedures/measures. 
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The Injection and Well Plugging Plan satisfies rule requirements 40 CFR 146.82(a)(16) and 
146.92(b). 


Injection Well Plugging GSDT Submissions 


GSDT Module: Project Plan Submissions 


Tab(s): Injection Well Plugging tab 


 


Please use the checkbox(es) to verify the following information was submitted to the GSDT: 


☒ Injection Well Plugging Plan [40 CFR 146.82(a)(16) and 146.92(b)]  


 
13.0 DESCRIPTION OF POST-INJECTION SITE CARE AND SITE CLOSURE PLAN  


13.1 Description of the documents that are submitted to the GSDT 
The Post Injection Site Care and Site Closure Plan (PISC) Plan has been submitted via the GSDT 
in ‘Confidential Business Information’ form. All Tabs that require input data within the module 
have also been completed and submitted via the GSDT.  A ‘Confidential Business Information’ 
version has been submitted to Region VI of EPA as well. 
The report covers in detail the pre and post injection pressure differential, post-injection 
monitoring plan, alternative post-injection site care timeframe, non-endangerment demonstration 
criteria, site closure plan and QASP.   
An Alternative PISC timeframe has been proposed as part of the GSDT submission. GCS has 
indicated an alternative PISC timeframe of 10 years instead of the default 50 years. 
The Post Injection Site Care and Site Closure Plan satisfies rule requirements 40 CFR 
146.82(a)(17) and 146.93(a) and the Alternative PISC submission satisfies rule requirements 40 
CFR 146.82(a)(18) and 146.93(c). 


PISC and Site Closure GSDT Submissions 


GSDT Module: Project Plan Submissions 


Tab(s): PISC and Site Closure tab 


 


Please use the checkbox(es) to verify the following information was submitted to the GSDT: 


☒ PISC and Site Closure Plan [40 CFR 146.82(a)(17) and 146.93(a)]  


GSDT Module: Alternative PISC Timeframe Demonstration 


Tab(s): All tabs (only if an alternative PISC timeframe is requested) 


 


Please use the checkbox(es) to verify the following information was submitted to the GSDT: 


☒ Alternative PISC timeframe demonstration [40 CFR 146.82(a)(18) and 146.93(c)]  
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14.0 DESCRIPTION OF EMERGENCY AND REMEDIAL RESPONSE PLAN 


14.1  Description of the documents that are submitted to the GSDT 
The Emergency and Remedial Response Plan has been submitted via the GSDT in ‘Confidential 
Business Information’ form. All Tabs that require input data within the module have also been 
completed and submitted via the GSDT.  A ‘Confidential Business Information’ version has been 
submitted to Region VI of EPA as well. 
The report covers in detail the local resources and infrastructure, potential risk scenarios, response 
personnel and equipment, emergency communications plan, a plan review and staff training and 
exercise procedures. 
The Emergency and Remedial Response Plan Report satisfies rule requirements 40 CFR 
146.82(a)(19) and 146.94(a).  


Emergency and Remedial Response GSDT Submissions 


GSDT Module: Project Plan Submissions 


Tab(s): Emergency and Remedial Response tab 


 


Please use the checkbox(es) to verify the following information was submitted to the GSDT: 


☒ Emergency and Remedial Response Plan [40 CFR 146.82(a)(19) and 146.94(a)]  


 


15.0 INJECTION DEPTH WAIVER AND ACQUIFER EXEPMTION EXPANSION  


Not applicable as GCS is not seeking a waiver or exemption. 
 
16.0 DESCRIPTION OF ANY ADDITIONAL INFORMATION REQUESED 


16.1 Description of the documents that has been requested by the UIC Program Director 
 


No documents have been requested by the UIC Program Director.
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Hydrology Report for Project Minerva Page 1 of 35 


Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 


1 Lowermost Underground Source of Drinking Water 
The primary regulatory focus of the USEPA injection well program is protection of human health 
and the environment, including protection of potential underground sources of drinking water 
(USDWs). The Underground Source of Drinking Water (USDW) is defined by the EPA as an 
aquifer which supplies any public water system and contains fewer than 10,000 mg/l total 
dissolved solids (TDS). 


2 Determination of the Lowermost Base of The USDW 
The most accurate method for determining formation fluid properties is through the analysis of 
formation fluid samples.  In the absence of formation fluid sample analyses, data from open-hole 
geophysical well logs can be used to calculate formation fluid salinity by determining the 
resistivity of the formation fluid (Rw) and converting that resistivity value to salinity value.  The 
two primary methods to derive formation fluid resistivity from geophysical logs are the 
“Spontaneous Potential Method” and the “Resistivity Method”.  The “Spontaneous Potential 
Method” derives the formation fluid resistivity from the resistivity of the mud filtrate, and the 
magnitude of the deflection of the spontaneous potential response (SP) of the formation (the 
electrical potential produced by the interaction of the formation water, the drilling fluid, and the 
shale content of the formations).  The “Resistivity Method” determines formation fluid resistivity 
from the resistivity of the formation (Rt) and the formation resistivity factor (F), which is related 
to formation porosity and a cementation factor (Schlumberger, 1987). 


2.1 Spontaneous Potential Method 
The spontaneous potential curve on an open-hole geophysical well log records the electrical 
potential (voltage) produced by the interaction of the connate formation water, conductive drilling 
fluid, and certain ion selective rocks (shales).  Opposite shale beds, the spontaneous potential curve 
usually defines a straight line (called the shale baseline), while opposite permeable formations, the 
spontaneous potential curve shows excursions (deflections) away from the shale baseline.  The 
deflection may be to the left (negative) or to the right (positive), depending primarily on the relative 
salinities of the formation water and the drilling mud filtrate.  When formation salinities are greater 
than the drilling mud filtrate salinity, the deflection is to the left.  For the reverse salinity contrast, 
the deflection is to the right.  When salinities of the formation fluid and the drilling mud filtrate 
are similar, no spontaneous potential deflection opposite a permeable bed will occur. 


The deflection of the spontaneous potential curve away from the shale baseline in a clean sand is 
related to the equivalent resistivities of the formation water (rwe) and the drilling mud filtrate (rmf) 
by the following formula: 


𝑆𝑆𝑆𝑆 =  −𝐾𝐾 𝐿𝐿𝐿𝐿𝐿𝐿 �𝑟𝑟𝑚𝑚𝑚𝑚


𝑟𝑟𝑤𝑤𝑤𝑤
�          (1) 


For NaCl solutions, K = 71 at 77°F and varies in direct proportion to temperature by the following 
relationship: 
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𝐾𝐾 = 61 + 0.133 𝑇𝑇°       (2) 


From the above equations, by knowing the formation temperature, the resistivity of the mud 
filtrate, and the spontaneous potential deflection away from the shale baseline, the resistivity of 
the formation water can be determined (Figure 2.1).  From the formation water resistivity and the 
formation temperature, the salinity of the formation water can be calculated (Figure 2.2). 


2.2 Resitivity Method 
The Resistivity Method determines formation fluid resistivity from the resistivity of the formation 
(Rt) and the formation resistivity factor (F), which is related to formation porosity and a 
cementation factor (Schlumberger, 1987).  The resistivity of a formation (Rt in ohm-meters) is a 
function of: 1) resistivity of the formation water, 2) amount and type of fluid present, and 3) the 
pore structure geometry.  The rock matrix generally has zero conductivity (infinitely high 
resistivity) with the exception of some clay minerals, and therefore is not generally a factor in the 
resistivity log response.  Induction geophysical logging determines resistivity or Rt by inducing 
electrical current into the formation and measuring conductivity (reciprocal of resistivity).  The 
induction logging device investigates deeply into a formation and is focused to minimize the 
influences of borehole effects, surrounding formations, and invaded zone (Schlumberger, 1987).  
Therefore, the induction log measures the true resistivity of the formation (Schlumberger, 1987).  
The conductivity measured on the induction log is the most accurate resistivity measurement for 
resistivity under 2 ohm-meters. 
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Figure 2.1 Graphic solution of the Spontaneous Potential Equation (Schlumberger, 1987) 
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Figure 2.2 Resistivity nomograph for NaCl solutions (Schlumberger, 1979) 
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Electrical conduction in sedimentary rocks almost always results from the transport of ions in the 
pore-filled formation water and is affected by the amount and type of fluid present and pore 
structure geometry (Schlumberger, 1988).   


In general, high-porosity sediments with open, well-connected pores have lower resistivity, and 
low-porosity sediments with sinuous and constricted pore systems have higher resistivity.  It has 
been established experimentally that the resistivity of a clean, water-bearing formation (i.e., one 
containing no appreciable clay or hydrocarbons) is proportional to the resistivity of the saline 
formation water (Schlumberger, 1988).  The constant of proportionality for this relationship is 
called the formation resistivity factor (F), where: 


𝐹𝐹 =  𝑅𝑅𝑡𝑡
𝑅𝑅𝑤𝑤


        (3) 


For a given porosity, the formation resistivity factor (F) remains nearly constant for all values of 
Rw below 1.0 ohm-meter.  For fresher, more resistive waters, the value of F may decrease as Rw 
increases (Schlumberger, 1987).  It has been found that for a given formation water, the greater 
the porosity of a formation, the lower the resistivity of the formation (Rt) and the lower the 
formation factor.  Therefore, the formation factor is inversely related to the formation porosity.  In 
1942, G.E Archie proposed the following relationship (commonly known as Archie’s Law) 
between the formation factor and porosity based on experimental data: 


𝐹𝐹 =  𝑎𝑎
𝜙𝜙𝑚𝑚


        (4) 


Where: 


ϕ = porosity 


a = an empirical constant 


m = a cementation factor or exponent. 


In sandstones, the cementation factor is assumed to be 2, but can vary from 1.2 to 2.2 (Stolper, 
1994).  In the shallower sandstones, as sorting, cementation, and compaction decrease, the 
cementation factor can also decrease (Stolper, 1994).   


Experience over the years has shown that the following form of Archie’s Law generally holds for 
sands in the Gulf Coast and is known as the Humble Relationship (Schlumberger, 1987): 


𝐹𝐹 =  0.81
𝜙𝜙2


        (5) 


Combining the equations for the Humble relationship and the definition of the formation factor, 
the resistivity of the formation water (rwe) is related to the formation resistivity (rt) by the 
following: 


𝑅𝑅𝑡𝑡 =  𝑅𝑅𝑤𝑤𝑤𝑤  𝑥𝑥 0.81
𝜙𝜙2


        (6) 
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3 Methodology 
To determine the formation water resistivity in a particular zone, the resistivity of the drilling mud 
filtrate (obtained from the log header) at the depth of the zone must first be determined.  
Resistivities of saline solutions vary as a function of NaCl concentration and temperature.  The 
relationship between temperature, NaCl concentration, and resistivity are typically shown in the 
form of a nomograph for computational ease (Figure 2).  From Figure 1, the resistivity of the 
drilling mud filtrate can be corrected to the temperature of the zone of interest.  A shale baseline 
is next established on the spontaneous potential curve and the deflection away from the shale 
baseline measured.  A chart containing the graphic solution of the spontaneous potential Equation 
(1) (Figure 1) gives the solution for the ratio between the resistivity of the mud filtrate and the 
formation water (Rmf/Rwe) based on the measured spontaneous potential curve deflection.  The 
resistivity of the formation water at formation temperature can be determined from the Rmf/Rwe 
ratio and converted to the equivalent NaCl concentration from Figure 2.  Once the base of the 
lowermost USDW is established, a formation resistivity (Rt) cut off on the deep induction log can 
be established using Equation (6).  This formation resistivity cut-off is used to establish the base 
of the lowermost USDW at the Minerva Site. 


By manipulating Figures 1 and 2, a formation water resistivity of 0.35 ohm-m corresponds to a 
salinity of 10,000 mg/l TDS.  At a temperature of approximately 90 °F, a formation water 
resistivity value of 0.45 ohm-m corresponds to a salinity of 10,000 mg/l TDS.  Deeper intervals 
with higher temperatures will have a higher resistivity cut off for analysis. 


From this water resistivity value and an estimate of formation porosity, a formation resistivity (Rt) 
cut-off can be calculated.  For the Project Minerva site, the USDW is project to be relatively 
shallow, thus a formation water resistivity of 0.35 ohm-m is used. Using an assumed formation 
porosity of 34 percent (shallow unconsolidated sands) and solving for the total formation 
resistivity, gives the following result: 


From Equation (6), a formation resistivity (Rt) cut-off can be calculated if the approximate 
formation porosity is known.  Therefore, solving Equation (6) gives the following result: 


𝑅𝑅𝑡𝑡 =  
0.35 𝐿𝐿ℎ𝑚𝑚 −𝑚𝑚 𝑥𝑥 0.81


0.342 = 2.45 𝐿𝐿ℎ𝑚𝑚 −𝑚𝑚 


Therefore, it is conservatively calculated that the sands with a formation resistivity of greater than 
2 ohm-m were considered to be USDWs.  This site-specific calculation is in agreement with the 
Louisiana Department of Natural Resources (LaDNR) guidance located at 
http://www.dnr.louisiana.gov/assets/OC/im_div/uic_workshop/2_USDW.pdf, which indicates that 
the USDW should fall between:  


Ground surface to 1,000 feet: 3 ohms or greater is considered USDW; 


1,000 feet to 2,000 feet: 2 ½ ohms or greater is considered USDW; and 


2,000 feet and deeper: 2 ohms or greater is considered USDW. 
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5 Regional Hydrogeology 
The regional aquifer system is called the Gulf Coast Aquifer system and stretches from Texas, 
across Louisiana, Mississippi, and Alabama, and includes the western most portion of Florida. 
Miocene and younger formations contain usable quality water (<3,000 milligrams per liter (mg/L) 
TDS) and potentially usable quality water (<10,000 mg/L TDS), which is defined as base of 
lowermost USDW within this system.  These aquifer systems regionally crop out in bands parallel 
to the coast and consists of units that dip and thicken towards the southeast.  Baker (1979) describes 
four major hydrogeologic units that comprise the Gulf Coast Aquifer System in the Texas and 
Louisiana region. In ascending order, the four units are:  


• the Jasper aquifer; 
• the Burkeville confining system; 
• the Evangeline aquifer; 
• and the Chicot aquifer. 


The Burkeville confining system hydrologically separates the Evangeline aquifer from the 
underlying Jasper aquifer. However, the Chicot and Evangeline aquifers are thought to be 
hydrologically connected. A hydrogeologic stratigraphic column for southwestern Louisiana is 
contained in Figure 5.1. The following sections provide details on the regional expanse and 
parameters pertaining the hydrostratigraphy for the defined systems from deepest to shallowest 
intervals. A regional stratigraphic section (A-A’) parallel to dip from Baker (1979) depicting the 
aquifers in the regional area of Southeast, Texas is contained in Figure 5.2. 
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Figure 5.1 Regional hydrostratigraphic column for southeastern Texas and southwestern Louisiana. 
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Figure 7.1 Groundwater withdrawals in Louisiana by aquifer system, 2015 (from Water Use in Louisiana, 
2015, Water Resources Report No. 18) 
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8 Regional Groundwater Flow 
Groundwater moves through aquifer systems from areas of high hydraulic head to areas of lower 
hydraulic head. Regional uses from industry and the public water systems have some impacts on 
diverting the direction of flow.   


The Chicot regional flow is in the direction of development. Major development of groundwater 
occurs around the Lake Charles area.  In Cameron Parish, due to aquifer development, the direction 
of groundwater flow is primarily north and northeast (Lovelace et al, 2004). 


A map of the potentiometric surface for the Chicot aquifer (Figure 8.1) shows the direction of 
groundwater flow. Lovelace et al. (2004) indicated that the flow direction is towards major 
pumping areas such as Lake Charles in Calcasieu Parish and the northern part of Acadia Parish 
and south Evangeline Parish, where there is heavy pumping for industrial and irrigation uses.  
Control points and wells in the analysis are located on Figure 8.1.  The direction of flow of 
groundwater is downgradient at 90 degrees to the potentiometric contours at right angles. An 
additional issue from pumping and heavy groundwater usage is the upwards coning of saltwater 
that can occur as response to freshwater withdrawal. The result is higher salinity waters being 
pulled upwards as pumping increases in aquifers that are hydraulically connected. Along the coast 
in the southwestern and southern portion of Louisiana, saltwater is being slowly pulled inland 
(northwards) due to over pumping of groundwater aquifers for industry and agriculture, especially 
during the peak rice irrigation and aquaculture harvesting seasons.  Two regional cross sections 
(Figure 8.2) extending across Calcasieu Parish show that the southern portion of the parish is 
impacted by saltwater encroachment in the Chicot aquifer (and by default the Evangeline) from 
the Gulf of Mexico. Increasing chloride concentrations between 1968 and 1984 indicated that a 
northwards or upward movement of the freshwater-saltwater interface in areas east and south of 
Lake Charles. 







Hydrology Report for Project Minerva Page 24 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 25 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 26 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 27 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 28 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 29 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 30 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 31 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 32 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 33 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 34 of 35 
CONFIDENTIAL BUSINESS INFORMATION 







Hydrology Report for Project Minerva Page 35 of 35 
CONFIDENTIAL BUSINESS INFORMATION 












U.S. Department of the Interior
U.S. Geological Survey


Open-File Report 2013 –1257


Geologic Assessment of Undiscovered Oil and  
Gas Resources—Oligocene Frio and Anahuac  
Formations, United States Gulf of Mexico Coastal  
Plain and State Waters







This page intentionally left blank







Geologic Assessment of Undiscovered Oil and 
Gas Resources—Oligocene Frio and Anahuac 
Formations, United States Gulf of Mexico Coastal 
Plain and State Waters


By Sharon M. Swanson, Alexander W. Karlsen, and Brett J. Valentine


Open-File Report 2013–1257


U.S. Department of the Interior
U.S. Geological Survey







U.S. Department of the Interior
SALLY JEWELL, Secretary


U.S. Geological Survey
Suzette M. Kimball, Acting Director


U.S. Geological Survey, Reston, Virginia: 2013


For more information on the USGS—the Federal source for science about the Earth, its natural and living  
resources, natural hazards, and the environment, visit http://www.usgs.gov or call 1–888–ASK–USGS.


For an overview of USGS information products, including maps, imagery, and publications,  
visit http://www.usgs.gov/pubprod


To order this and other USGS information products, visit http://store.usgs.gov


Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the 
U.S. Government.


Although this information product, for the most part, is in the public domain, it also may contain copyrighted materials 
as noted in the text. Permission to reproduce copyrighted items must be secured from the copyright owner.


Suggested citation:
Swanson, S.M., Karlsen, A.W., and Valentine B.J., 2013, Geologic assessment of undiscovered oil and gas 
resources—Oligocene Frio and Anahuac Formations, United States Gulf of Mexico coastal plain and State waters: 
U.S. Geological Survey Open-File Report 2013–1257, 66 p., http://dx.doi.org/10.3133/ofr20131257.


ISSN 2331–1258 (online)



http://www.usgs.gov

http://www.usgs.gov/pubprod

http://store.usgs.gov





iii


Contents


Abstract ...........................................................................................................................................................1
Introduction.....................................................................................................................................................2
Geologic Setting of Frio and Anahuac Formations ..................................................................................4


Stratigraphy  ..........................................................................................................................................4
Depositional Systems ...........................................................................................................................4


Frio Formation ...............................................................................................................................4
Hackberry Trend of the Frio Formation .....................................................................................5
Anahuac Formation .....................................................................................................................7


 Structural Features ............................................................................................................................12
Upper Jurassic-Cretaceous-Tertiary Composite Total Petroleum System  .......................................12


Total Petroleum System Model .........................................................................................................12
Source Rocks ......................................................................................................................................16
Maturation of the Wilcox Group .......................................................................................................19
Migration ..............................................................................................................................................21


Reservoir Rocks ...........................................................................................................................................23
Frio Formation ......................................................................................................................................23
Hackberry Trend of the Frio Formation ............................................................................................23
Anahuac Formation ............................................................................................................................25
Reservoirs in Relation to Shelf Margin Deltas ...............................................................................26


Porosity and Permeability...........................................................................................................................26
Frio Formation ......................................................................................................................................26


Traps and Seals ............................................................................................................................................27
Frio Formation ......................................................................................................................................27
Hackberry Trend of the Frio Formation ............................................................................................29
Anahuac Formation ............................................................................................................................29


Resource Assessment ................................................................................................................................29
Geologic Model Used to Define Paleogene Assessment Units ..................................................29
Assessment Units ...............................................................................................................................31


 Boundaries Used to Define Assessment Units ....................................................................31
Limit of Thermally Mature Source Rocks .....................................................................36
 Limit of Potential for Biogenic Gas ...............................................................................36
Updip Extent of Oligocene Rocks ...................................................................................36
State/Federal Water Boundaries ...................................................................................36


Frio Basin Margin Assessment Unit .......................................................................................36
Frio Stable Shelf Oil and Gas Assessment Unit  ...................................................................37
Frio Expanded Fault Zone Oil and Gas Assessment Unit  ...................................................41
Hackberry Oil and Gas Assessment Unit  ..............................................................................46
Frio Slope and Basin Floor Gas Assessment Unit  ...............................................................49
Anahuac Oil and Gas Assessment Unit .................................................................................51


Assessment Results ....................................................................................................................................55
Conclusions...................................................................................................................................................56
Acknowledgments .......................................................................................................................................57
References Cited..........................................................................................................................................57
Appendix 1.....................................................................................................................................................66







iv


Figures
 1 Generalized stratigraphic section of the northern Gulf of Mexico coastal plain,  


with the Frio Formation and Anahuac Formation highlighted in blue ..................................3
 2. Stratigraphic section of the Tertiary and younger strata in the Northern Gulf  


of Mexico coastal plain showing nomenclature for geographic regions, with  
the Frio Formation and Anahuac Formation highlighted in blue ...........................................5


 3. Schematic diagram of the Hackberry trend of the Frio Formation and related  
strata, Jefferson County area, Texas, and diagnostic foraminifera .....................................7


 4. Principal sediment sources, basins and uplift, and depositional systems in  
the northern Gulf of Mexico during the late Oligocene  .........................................................8


 5. Stratigraphic dip section through the Gueydan fluvial system and Norias  
delta system in south Texas  .......................................................................................................9


 6. Paleogeographic reconstruction of Buna and Hackberry depositional  
environments in southeastern Texas ......................................................................................10


 7. Generalized depositional environments of the Hackberry trend and  
production fields within western Calcasieu Parish, with approximate  
location of “Hartburg flexure” ..................................................................................................10


 8. Generalized locations of hydrocarbon plays for the Frio and Anahuac  
Formations, as reported in the literature ................................................................................11


 9. Schematic cross section though central Texas from the early Cretaceous  
shelf margin to the present shelf margin, showing growth faults, the  
Vicksburg and Frio fault zones, and the extent of assessment units .................................13


 10. Simplified schematic cross section showing formation of successive  
growth-faulted subbasins, modified from Brown and others .............................................14


 11. Cross section of the Frio Formation showing thickening and vertical  
displacement in the Vicksburg and Frio fault zones in south Texas...................................15


 12. Map showing interpretation of the extent of oils and gases sourced from  
source rock intervals, based on oil geochemistry characteristics of source  
rock extracts ................................................................................................................................17


 13. Upper Jurassic-Cretaceous-Tertiary Composite Total Petroleum System for  
the Gulf of Mexico basin, within areas assessed by the USGS for Tertiary  
stratigraphic intervals  ...............................................................................................................18


 14. Tertiary burial-history curves for four wells where Ro and bottomhole  
temperature data were available .............................................................................................20


 15. Cross section showing general model for onshore source rocks and  
migration pathways ....................................................................................................................22


 16. Structure contours showing depth to the top of the Frio Formation and  
total thickness of the Frio Formation .......................................................................................24


 17. Schematic cross section of reservoirs of the Tom O’Connor field, Refugio  
County, Texas ...............................................................................................................................27


 18. Schematic diagram of Frio fluvial depositional environments in south Texas .................28
 19. Geologic model used to define the assessment units ..........................................................30
 20. Assessment units for the Frio Formation ................................................................................32
 21. Petroleum system events chart in the Upper-Jurassic-Cretaceous- 


Tertiary Composite Total Petroleum System for Frio and Anahuac  
hydrocarbon reservoirs .............................................................................................................34







v


 22. Boundaries and areas used to define assessment units for the Frio and  
Anahuac Formations ..................................................................................................................35


 23. The Frio Stable Shelf Oil and Gas Assessment Unit, with boundaries used  
to define the assessment unit ...................................................................................................38


 24. Plots of accumulation discovery year versus cumulative grown oil and  
accumulation discovery year versus cumulative grown gas volume demonstrate  
the degree of maturity for oil and gas production in the Frio Stable Shelf Oil  
and Gas Assessment Unit .........................................................................................................39


 25. Oil and gas accumulation sizes versus discovery years for discovered fields  
within the Frio Stable Shelf Oil and Gas Assessment Unit showing how the  
estimates of field sizes for undiscovered fields were determined. Production  
data are divided into 1st, 2nd, and 3rd thirds of production, each third having  
an equal number of discovered fields .....................................................................................40


 26. The Frio Expanded Fault Zone Oil and Gas Assessment Unit, with boundaries  
used to define the assessment unit .........................................................................................42


 27. Plots of accumulation discovery year versus cumulative grown oil volume  
and accumulation discovery year versus cumulative grown gas volume  
demonstrate the degree of maturity for oil and gas production in the Frio  
Expanded Fault Zone Oil and Gas Assessment Unit .............................................................43


 28. Plots of reservoir discovery year versus reservoir depth for gas for the  
Frio Expanded Fault Zone Oil and Gas Assessment Unit .....................................................44


 29. Oil and gas accumulation size versus discovery years for discovered fields  
within the Frio Expanded Fault Zone Oil and Gas Assessment Unit, showing  
how the estimates of field sizes for undiscovered fields were determined .....................45


 30. The Hackberry Oil and Gas Assessment Unit, with the extent of Hackberry  
play as defined by Cossey and Jacobs ...................................................................................46


 31. Plots of accumulation discovery year versus cumulative grown oil volume  
and accumulation discovery year versus cumulative grown gas volume  
demonstrate the degree of maturity for oil and gas production in the  
Hackberry Oil and Gas Assessment Unit ................................................................................47


 32. Oil and gas accumulation sizes versus discovery years for discovered fields  
within the Hackberry Oil and Gas Assessment Unit, showing how the  
estimates of field sizes for undiscovered fields were determined .....................................48


 33. The Frio Slope and Basin Floor Gas Assessment Unit, with boundaries  
used to define the assessment unit .........................................................................................50


  34. Assessment unit for the Anahuac Formation, with boundaries used  
to define the AU ..........................................................................................................................52


 35. Plots of accumulation discovery year versus cumulative grown oil and  
accumulation discovery year versus cumulative grown gas volume  
demonstrate the degree of maturity for oil and gas production in the  
Anahuac Oil and Gas Assessment Unit ..................................................................................53


 36. Oil and gas accumulation sizes versus discovery years for discovered fields  
within the Anahuac Oil and Gas Assessment Unit, showing how the estimates  
of field sizes for undiscovered fields were determined .......................................................54







vi


Tables
 1. Compilation of biostratigraphic zones for the Frio and Anahuac Formations  


from the literature .........................................................................................................................6
 2. Summary of the assessment results for the Frio Formation and the  


Anahuac Formation (one assessment unit) by resource type ............................................55







vii


Conversion Factors
Multiply By To obtain


Length


foot (ft) 0.3048 meter (m)
kilometer (km) 0.6214 mile (mi)


Volume


barrel (bbl), (petroleum,  
1 barrel=42 gal)


0.1590 cubic meter (m3) 


cubic foot (ft3) 28.32 cubic decimeter (dm3) 
cubic foot (ft3)  0.02832 cubic meter (m3) 


Temperature in degrees Fahrenheit (°F) may be converted to degrees  Celsius (°C) as follows:


°C=(°F–32)/1.8


Total dissolved solids (TDS) concentrations are given in milligrams per liter (mg/L).


Permeabilities are given in millidarcies (md).







viii


This page intentionally left blank







Abstract
The Oligocene Frio and Anahuac Formations were assessed as part of the 2007 U.S. Geological Survey (USGS) assessment 


of Tertiary strata of the U.S. Gulf of Mexico Basin onshore and State waters. The Frio Formation, which consists of sand-rich 
fluvio-deltaic systems, has been one of the largest hydrocarbon producers from the Paleogene in the Gulf of Mexico. The Ana-
huac Formation, an extensive transgressive marine shale overlying the Frio Formation, contains deltaic and slope sandstones in 
Louisiana and Texas and carbonate rocks in the eastern Gulf of Mexico. In downdip areas of the Frio and Anahuac Formations, 
traps associated with faulted, rollover anticlines are common. Structural traps commonly occur in combination with stratigraphic 
traps. Faulted salt domes in the Frio and Anahuac Formations are present in the Houston embayment of Texas and in south Loui-
siana. In the Frio Formation, stratigraphic traps are found in fluvial, deltaic, barrier-bar, shelf, and strandplain systems. 


The USGS Tertiary Assessment Team defined a single, Upper Jurassic-Cretaceous-Tertiary Composite Total Petroleum 
System (TPS) for the Gulf Coast basin, based on previous studies and geochemical analysis of oils in the Gulf Coast basin. The 
primary source rocks for oil and gas within Cenozoic petroleum systems, including Frio Formation reservoirs, in the northern, 
onshore Gulf Coastal region consist of coal and shale rich in organic matter within the Wilcox Group (Paleocene–Eocene), with 
some contributions from the Sparta Sand of the Claiborne Group (Eocene). The Jurassic Smackover Formation and Cretaceous 
Eagle Ford Formation also may have contributed substantial petroleum to Cenozoic reservoirs. Modeling studies of thermal 
maturity by the USGS Tertiary Assessment Team indicate that downdip portions of the basal Wilcox Group reached sufficient 
thermal maturity to generate hydrocarbons by early Eocene; this early maturation is the result of rapid sediment accumulation in 
the early Tertiary, combined with the reaction kinetic parameters used in the models. A number of studies indicate that the migra-
tion of oil and gas in the Cenozoic Gulf of Mexico basin is primarily vertical, occurring along abundant growth faults associated 
with sediment deposition or along faults associated with salt domes. 


The USGS Tertiary assessment team developed a geologic model based on recurring regional-scale structural and deposi-
tional features in Paleogene strata to define assessment units (AUs). Three general areas, as described in the model, are found 
in each of the Paleogene stratigraphic intervals assessed: “Stable Shelf,” “Expanded Fault,” and “Slope and Basin Floor” zones. 
On the basis of this model, three AUs for the Frio Formation were defined: (1) the Frio Stable Shelf Oil and Gas AU, containing 
reservoirs with a mean depth of about 4,800 feet in normally pressured intervals; (2) the Frio Expanded Fault Zone Oil and Gas 
AU, containing reservoirs with a mean depth of about 9,000 feet in primarily overpressured intervals; and (3) the Frio Slope and 
Basin Floor Gas AU, which currently has no production but has potential for deep gas resources (>15,000 feet). AUs also were 
defined for the Hackberry trend, which consists of a slope facies stratigraphically in the middle part of the Frio Formation, and 
the Anahuac Formation. The Frio Basin Margin AU, an assessment unit extending to the outcrop of the Frio (or basal Miocene), 
was not quantitatively assessed because of its low potential for production. Two proprietary, commercially available databases 
containing field and well production information were used in the assessment. Estimates of undiscovered resources for the five 
AUs were based on a total of 1,734 reservoirs and 586,500 wells producing from the Frio and Anahuac Formations. Estimated 
total mean values of technically recoverable, undiscovered resources are 172 million barrels of oil (MMBO), 9.4 trillion cubic 
feet of natural gas (TCFG), and 542 million barrels of natural gas liquids for all of the Frio and Anahuac AUs. Of the five units 
assessed, the Frio Slope and Basin Floor Gas AU has the greatest potential for undiscovered gas resources, having an estimated 
mean of 5.6 TCFG. The Hackberry Oil and Gas AU shows the second highest potential for gas of the five units assessed, having 
an estimated mean of 1.8 TCFG. The largest undiscovered, conventional crude oil resource was estimated for the Frio Slope and 
Basin Floor Gas AU; the estimated mean for oil in this AU is 110 MMBO.
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Introduction
In 2007, the U.S. Geological Survey (USGS) conducted an assessment of the technically recoverable, undiscovered con-


ventional oil and gas resources in the Paleogene and Neogene strata and unconventional coal-bed gas resources in Cretaceous 
and Tertiary strata that underlie the U.S. Gulf of Mexico Coastal Plain and State waters (Dubiel and others, 2007; Warwick and 
others, 2007a, b). Geochemical, geologic, geophysical, thermal-maturation, burial-history, and paleontologic studies were com-
bined with regional cross sections and geologic maps to define an Upper Jurassic-Cretaceous-Tertiary Composite Total Petro-
leum System (TPS) for the conventional oil and gas resources that extend around the entire Gulf of Mexico. The assessment of 
undiscovered conventional oil and gas resources included only that portion of the TPS that lies onshore and in State waters of 
the United States. For the assessment of unconventional coal-bed gas resources, the USGS identified three self-sourced coal bed-
gas TPSs (Warwick and others, 2007b). The 2007 assessment of the Frio and Anahuac Formations updates a portion of the last 
USGS assessment of the Gulf of Mexico coastal region, which was completed in 1995 (USGS National Oil and Gas Resource 
Assessment Team, 1995; Schenk and Viger, 1996). 


Two proprietary, commercially available databases were used in the 2007 assessment. One database (NRG Associates, Inc., 
2006) contains reserve, cumulative production, and other types of information for most oil and gas fields of the United States 
larger than 0.5 million barrels of oil equivalent (MMBOE). The data used were current as of December 31, 2004. The second 
database (IHS Energy Group, 2005a, b) contains drilling, well-completion, and hydrocarbon-production data. Both of these 
commercial databases are subject to proprietary license restrictions, and the USGS cannot publish, share, or serve any data from 
these databases. However, derivative representations of the data in the form of graphs and summary statistics may be published, 
and these types of derivative products are included in this report. Assessments were conducted in accordance with USGS meth-
odology; specifically, Klett and others (2003, 2005), Charpentier and Klett (2004), and Schmoker and Klett (2004). Links to 
these references are at the following Web site: http://energy.cr.usgs.gov/oilgas/noga/methodology.html. 


The USGS Paleogene Assessment Team divided reservoirs into the following four stratigraphic intervals for the assessment 
of conventional oil and gas resources (Warwick and others, 2007a) (fig. 1): 


1. the Midway Group (Paleocene), Wilcox Group (Paleocene-Eocene), and Carrizo Sand of the Claiborne  
Group (Eocene); 


2. the Claiborne Group, less the Carrizo Sand (Eocene); 


3. the Jackson (Eocene) and Vicksburg Groups (Oligocene); and 


4. the Frio Formation and overlying Anahuac Formation (Oligocene). 
The USGS Neogene Assessment Team assessed Miocene, Pliocene, and Pleistocene stratigraphic intervals (Dubiel and  
others, 2007). 


In this report, we describe the assessment units (AUs) for the Frio Formation, including the Hackberry trend of the Frio 
Formation, and the overlying Anahuac Formation. All of the AUs identified for the Frio and Anahuac Formations were assessed 
as conventional hydrocarbon accumulations. The final assessment results for the technically recoverable, undiscovered hydrocar-
bon resources in the Frio and Anahuac Formations and other Tertiary stratigraphic intervals were released as USGS fact sheets 
(Dubiel and others, 2007; Warwick and others, 2007b). 



http://energy.cr.usgs.gov/oilgas/noga/methodology.html
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Figure 1. Generalized stratigraphic section of the northern Gulf of Mexico coastal plain, with the Frio Formation (equivalent to 
the Catahoula Formation in updip areas) and Anahuac Formation highlighted in blue (Warwick and others, 2007a; modified from 
Salvador and Quezada Muñeton, 1991; Nehring, 1991; Palmer and Geissman, 1999; Humble Geochemical Services and others, 
2002). Potential source rocks are indicated in the last column. Abbreviations and symbols: Mid., Middle; Pal., Paleocene; Plei., 
Pleistocene; Holo., Holocene; Quat., Quaternary; wavy line, missing section; jagged line, interfingering; dashed line, uncertain. 
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Geologic Setting of Frio and Anahuac Formations


Stratigraphy 


The Frio Formation is composed of a series of deltaic and marginal-marine sandstones and shales that are the downdip 
equivalent of the continental Catahoula Formation (Galloway and others, 1982, 1991; figs. 1 and 2). The Chickasawhay and 
lower part of the Paynes Hammock Formations of southeast Mississippi, southwest Alabama, and the west Florida panhandle are 
shallow-water carbonate shelf limestone, marl, and mixed siliciclastic-calciclastic equivalents of the subsurface Frio and Cata-
houla Formations of Texas and Louisiana (Galloway and others, 1991; Salvador and Quezada Muñeton, 1991) (fig. 2). Based 
on data from published cross sections (Dodge and Posey, 1981; Bebout and Gutierrez, 1982, 1983), the Frio Formation (which 
includes the Anahuac Formation in the cross sections) ranges in thickness from less than 1,000 feet (ft) in southern Louisiana to 
close to 9,000 ft in coastal areas of Texas. The Frio is underlain by the Oligocene Vicksburg Formation, which is thickest and 
best developed within the Rio Grande embayment in south Texas (Galloway and others, 1982). 


Although the Frio Formation has been informally divided into upper, middle, and lower units based on paleontological 
zones in previous studies (Galloway and others, 1982; Galloway, 1986; John and others, 1992 b, c, d), formal formation mem-
bers have not been designated. In the subsurface, the Frio and Anahuac Formations of Texas and Louisiana are subdivided into 
paleontological zones based on the occurrence of benthic foraminifera (table 1). In addition, a thin, mud-rich unit called the Frio 
Clay is mapped at outcrop in south Texas and is believed to correlate in part to both the Vicksburg and the lowest Catahoula-Frio 
of the deep subsurface (Galloway and others, 1982) (fig. 2).


In southeast Texas and southwest Louisiana, a transgressive, deepwater shale and sandstone unit referred to as the “Hack-
berry” occurs in the middle part of the Frio Formation (Bornhauser, 1960; Paine, 1968, 1971; Benson, 1971; Berg and Powers, 
1980; Ewing and Reed, 1984; Galloway and others, 1991, 2000; Cossey and Jacobs, 1992) (figs. 2 and 3). The name “Hack-
berry” was introduced by Garrett (1938) to designate a specific forminiferal assemblage within the greater Frio interval, but it 
has also been referred to as a facies, trend, sequence, member, or formation in the literature (Bornhauser, 1960; Ewing and Reed, 
1984; Galloway and others, 1991; Cossey and Jacobs, 1992). USGS nomenclature does not recognize the Hackberry trend as a 
member of the Frio Formation. In this report, we refer to the sequence of shale and sandstone units as the “Hackberry trend.” 


The Frio is regionally overlain by the Anahuac Formation, a transgressive marine shale containing sandstone, carbon-
ate bank, and carbonate reef deposits. The Anahuac Formation occurs in the subsurface of Texas, Louisiana, and southwestern 
Mississippi (Galloway and others, 1982; Galloway and others, 1991) (fig. 2). Early studies suggested that the Anahuac was in 
either the upper Oligocene (Nehring, 1991; Galloway and others, 1991; Goddard and others, 2005) or in the Oligocene–Miocene 
(Krutak and Beron, 1990; Galloway and others, 2000). More recently, Goddard and others (2005) placed the Anahuac Formation 
at the top of the Oligocene, on the basis of the occurrence of foraminiferal biofacies in south Louisiana and previous studies of 
foraminiferal biofacies (Paine, 1956; Warren, 1957; Lafayette Geological Society, 1962; Harrison and Anderson, 1966; Tipsword 
and others, 1966; Smith, 1990; DiMarco and Shipp, 1991; Bread and others, 1999). In a study of sequence stratigraphic bound-
aries and microfossil biozones in the south Texas Gulf Coast, Hammes and others (2007) placed the Anahuac Formation in the 
Upper Oligocene. Hernandez-Mendoza and others (2008) also placed the Anahuac Formation in the Upper Oligocene in a study 
of chronostratigraphic surfaces and paleogeographic settings in the Burgos Basin and adjacent south Texas. On the basis of these 
recent studies (Goddard and others, 2005; Hammes and others, 2007; Hernandez-Mendoza and others, 2008), we have referred 
to the Anahuac Formation as Upper Oligocene in age in this report.


Depositional Systems


Frio Formation
The Frio Formation is one of the major Tertiary progradational wedges of the Texas Gulf coastal plain (Galloway and oth-


ers, 1982). During the Oligocene, massive sediment influx from sources in Mexico and the southwestern United States occurred 
as a result of uplift and erosion that started in Mexico and migrated along the western margin of the Gulf Coast basin (Galloway 
and others, 1982, 2000). Explosive volcanism and caldera formation in Mexico combined with regional uplift to create an influx 
of recycled sedimentary rocks, volcaniclastics, and reworked ash into the western and central Gulf of Mexico (Galloway, 1977).


Four sediment-dispersal axes along the Gulf margin along the northwest to central Gulf margin were active during the Oli-
gocene: the Norma, Norias, Houston, and central Mississippi deltas (Galloway and others, 1982, 2000; Galloway, 1986) (fig. 4). 
Of these deltas, the sand-rich, wave-dominated Norias delta was the largest. Figure 5 is a cross section of fluvial and deltaic 
sediments in the Norias delta area of south Texas (modified from Galloway and others, 1982). To the south, the Norias delta 
merged laterally with the smaller, sand-rich, wave-dominated Norma delta (Galloway and others, 2000). The fluvial system that 
supplied the Norias delta was a single river that carried relatively coarse-grained sediments (Galloway and others, 1982). 
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In contrast, the fluvial system that supplied the Houston delta system consisted of several rivers that carried a mixed load of 
sand, silt, and clay (Galloway and others, 1982). In the late Oligocene, the Houston delta retrograded from the shelf margin, and 
the central Mississippi delta shrank markedly in area (Galloway and others, 2000). 


The main clastic input into the Gulf of Mexico basin shifted to the west in Texas and western Louisiana during Oligocene 
time (Galloway and others, 1991), and local small rivers with limited clastic transporting ability existed in the northeast Gulf 
of Mexico region (Liu and others, 1997). The presence of a small delta in Mississippi and Alabama, which may be correlative 
to the Frio, has been suggested in previous studies (May, 1974; Johnson, 1982; J.L. Coleman, U.S. Geological Survey, written 
commun., 2010). 


Hackberry Trend of the Frio Formation
Early studies on the Hackberry trend of southwestern Louisiana identified two major units: (1) an upper, predominantly 


shale section ranging in thickness from less than 100 ft to more than 3,000 ft, containing a deep water microfaunal assemblage, 
and (2) a lower, predominantly sandstone section that ranges up to 700 ft in thickness (Paine, 1968) (fig. 3). Numerous abrupt 
local changes in lithologic character make correlations within the Hackberry difficult (Paine, 1968). Paine (1971) established 
that the lower Hackberry sandstones were turbidites and that the lower Hackberry sandstone had two depositional patterns: an 
updip, north-south channel pattern, and a downdip, blanket-type sandstone pattern (basin floor fan) (Paine, 1971) (figs. 6 and 7). 


Shale and sandstone of the Hackberry trend form a seaward-thickening wedge, which pinches out to the north along the 
“Hartburg flexure” (figs. 6 and 7). The “Hartburg flexure” is defined as a zone of growth faulting that developed during the 
Oligocene and that may have represented the contemporaneous shelf margin and limited the updip extent of deep-water shale 
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Figure 2. Stratigraphic section of the Tertiary and younger strata in the Northern Gulf of Mexico coastal plain showing nomenclature for 
geographic regions, with the Frio Formation (equivalent to the Catahoula Formation in updip areas) and Anahuac Formation highlighted in 
blue (modified from Salvador and Quezada Muñeton, 1991; Warwick and others, 2007a). Abbreviations and symbols: Pal., Paleocene; Pleis., 
Pleistocene; Holoc., Holocene; Quat., Quaternary; jagged line, interfingering; dashed line, uncertain.
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Table 1. Compilation of biostratigraphic zones for the Frio and Anahuac Formations from the literature. Although 
biostratigraphic markers are generally listed in stratigraphic order, there are differences in interpretations in the geologic 
literature and differences based on geographic area. In this table, the Anahuac Formation is placed in the upper Oligocene, 
based on Galloway and others (1991). Notes: *, occurrence in Chickasawhay Formation; **, occurrence in Paynes 
Hammock Formation.
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deposition (Bornhauser, 1960; Berg and Powers, 1980; Ewing and Reed, 1984). In most of the Hackberry trend, the lower Hack-
berry consists of sand-rich channel-filling units that were eroded as much as 800 ft into the contemporaneous Frio barrier system 
(Ewing and Reed, 1984). The Hackberry channel-fill sands were deposited in a submarine canyon-fan setting (Paine, 1968, 
1971; Berg and Powers, 1980; Ewing and Reed, 1984; Eubanks, 1987; Cossey and Jacobs, 1992; Galloway and others, 2000). 
Updip areas are described as an area of slope failure involving slide blocks, and downdip areas consist of channels where thick, 
turbidite sands were deposited (Cossey and Jacobs, 1992) (fig. 7). Shelf-margin slides may have been caused by a combination 
of salt withdrawal and a generally unstable, muddy shelf edge (Cossey and Jacobs, 1992). 


Anahuac Formation
The Frio Formation is overlain by the Anahuac Formation, a transgressive marine shale, in Texas and Louisiana (Galloway 


and others, 2000). The Anahuac Formation onlaps the regressive Frio Formation in downdip areas, and it is overlain by the 
progradational sandstones of the lower Miocene (Galloway and others, 1982, 1991). In the Rio Grande embayment, the updip 
extent of the Anahuac marine incursion was limited by the influx of coarse sediment, commonly called the Heterostegina and 
Marginulina sands (Galloway and others, 1982) (table 1). Progradations of the Miocene Oakville Sandstone (south Texas) and 
equivalent lower part of the Fleming Formation (east Texas) terminated the Anahuac transgression (Galloway and others, 1982) 
(fig. 2).
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Figure 3. Schematic diagram of the Hackberry trend of the Frio Formation and related strata, Jefferson County area, Texas, 
and diagnostic foraminifera (modified from Ewing and Reed, 1984). Generalized locations of the Port Arthur, Port Acres, 
Bobcat Run South, and North Sabine Lake fields are included (Ewing and Reed, 1984; Eubanks, 1987; Zamboras, 1998).
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Figure 5. Stratigraphic dip section through the Gueydan fluvial system and Norias delta system in south Texas (modified from 
Galloway and others, 1982). The cross section is part of a study of several hundred wells, which were used in the preparation of 
facies maps that formed the basis for further interpretation of depositional systems (Galloway and others, 1982). Overpressure is 
defined as 0.7 pound per square inch per foot (Galloway, 1984). 
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Figure 6. Paleogeographic reconstruction of Buna and Hackberry depositional environments in southeastern 
Texas (modified from Tyler, 1987).


Figure 7. Generalized depositional environments of the Hackberry trend and production fields within western 
Calcasieu Parish (modified from Cossey and Jacobs, 1992), with approximate location of “Hartburg flexure” (as 
described by Eubanks, 1987).
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Anahuac Formation strata of southwestern Louisiana and Texas are nearly identical and consist of light- to dark-greenish-
gray calcareous shale that is interbedded with thin beds of locally calcareous sandstone and limestones (John and others, 1992a). 
Anahuac sediments become more calcareous from west to east (John and others, 1992a). Carbonate rocks are present in the 
eastern Gulf of Mexico, where clastic influx was minimal (Galloway and others, 2000). Limestones and calcareous clastics 
dominate in Anahuac rocks of the eastern part of Louisiana, whereas the western and central parts of Louisiana consist mostly of 
shales and sandstones (Krutak and Beron, 1990). Petrographic analyses in carbonates from above and below the Heterostegina 
Zone (table 1) indicate the presence of hermatypic framework and binding organisms that built reefal or algal-mound accumula-
tions along a late Oligocene to early Miocene shelf edge in nearshore waters of southeastern Louisiana and western Mississippi 
(Krutak and Beron, 1990, 1993). At the climax of the late Oligocene transgressive flooding, Heterostegina carbonate buildups in 
the Anahuac Formation occurred as far west as the Houston salt basin and Rio Grande embayment (Galloway and others, 2000; 
Treviño and others, 2003). 


John and others (1992a) identified three depositional systems of the Anahuac Formation in south-central and southwestern 
Louisiana, based on relative amounts of sandstone and shale within the section and the character of these sandstones: proxi-
mal deltaic, distal deltaic, and slope environments (fig. 8). Goddard and others (2005) report that the Anahuac has an average 
thickness of 750 ft in localities of southern Louisiana and that the uppermost Heterostegina strata contain calcareous sandstone 
and limestone beds. These sedimentary features suggest that deposition occurred in an inner-shelf, shallow-marine depositional 
environment (Goddard and others, 2005). Interbedded shales and calcareous sandstones underlying the Heterostegina zone 
are typical of middle-shelf (intermediate open-marine) environments (Tipsword and others, 1966; Goddard and others, 2005). 
Progradational distal delta-front sandstones, shore-face, and shelf sandstones of the Anahuac Formation also are present in the 
Mustang Island and Matagorda Island areas in Texas (Desselle, 1997a, b) (fig. 8).
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Figure 8. Generalized locations of hydrocarbon plays (including depositional environments) for the Frio and 
Anahuac Formations, as reported in the literature. Footnotes: 1John and others (1992a, b, c, d); 2Kosters and others 
(1989); 3Galloway and others (1983); 4Desselle (1997a, b).
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 Structural Features


During the Tertiary, large quantities of sand and mud were deposited along the margins of the Gulf of Mexico, and these 
sediments accumulated in a series of wedges that thicken and dip gulfward (Bebout and others, 1978). As a result of rapid sedi-
ment loading, large growth-fault systems formed near the downdip edge of each sediment wedge within the area of maximum 
deposition (fig. 9) (Galloway and others, 1982). Bebout and others (1978) suggested that deeper, thick Jurassic salt was mobi-
lized into a series of ridges and troughs. 


Winker (1982) related growth faulting and rapid subsidence of Cenozoic shelf margins in the northwestern Gulf to large-
scale, deep-seated gravity sliding of the continental slope. In this model, shelf-margin deltas were described as a function of 
sediment supply rather than sea-level fluctuation (Winker, 1982). Brown and others (2004) described deposition during relative 
lowstands of sea level as the main initiator of growth faulting in the Frio Formation. In their interpretation, lowstand depocen-
ters resulted in gravity stresses that were sufficient to trigger the collapse of major sections of the outer continental shelf so that 
upper slope strata failed and moved basinward. Brown and others (2004) suggested that a series of subbasins developed as a 
result of this process, each with the potential of forming petroleum reservoirs (fig. 10). In a study of the shallow Frio Formation 
between the Houston and Norias deltas of the south Texas Gulf Coast, Ogiesoba and Hammes (2012) suggested that the shallow 
Frio Formation collapsed during a basinwide sea level fall that occurred between approximately 27.5 and 25.3 Ma, at approxi-
mately the same time that the Hackberry collapse occurred in the Mississippi delta. 


In Texas, three major structural provinces are defined for the Frio (fig. 4): (1) the Houston embayment, characterized by salt 
diapirism and associated faulting (Galloway and others, 1982); (2) the San Marcos arch and the area southward towards the Rio 
Grande embayment, where underlying salt mostly is absent and long, linear belts of growth faults and associated shale ridges 
and shale diapirs are dominant (Galloway and others, 1982; Bruce, 1973); and (3) the Rio Grande embayment, where large, but 
more discontinuous, belts of growth faults and deep-seated shale ridges and massifs are present (Galloway and others, 1982). 


A major deltaic progradation in south Texas and northern Mexico in the early Oligocene created the Vicksburg fault zone 
(Stanley, 1970; Ewing, 1991a, b), a fault zone (about 20 miles (mi) wide) characterized by vertical displacement of the underly-
ing section (Galloway and others, 1982) (figs. 9 and 11). The Vicksburg fault zone, or flexure, forms the updip limit of signifi-
cant structural deformation of the Frio Formation (Loucks, 1978; Galloway and others, 1982). On the basis of a study of 1,100 
well logs, Combes (1993) indicated that the Vicksburg fault zone extends from the Rio Grande embayment in south Texas to 
western Louisiana. The Frio fault zone, which is downdip of the Vicksburg fault zone, is a broad, deep listric system that con-
sists of 5 to 10 major normal faults spaced 5 to 10 kilometers (km) apart (3 to 6 mi apart), with intervening rollover anticlines 
(Ewing, 1991a). 


High-resolution cross sections by Galloway and others (1994) in south Texas, which are based on closely spaced well logs 
in addition to regional seismic data, demonstrate that the thickening and displacement of Frio sediments are significantly greater 
in the Frio fault zone than in the Vicksburg fault zone (fig. 11). Thickening and vertical displacement of the Frio in the Frio fault 
zone is evident in cross sections constructed by Dodge and Posey (1981). Moreover, Radovich and Moon (2007), in a study of a 
seismic line composite spanning from onshore to deep water, demonstrated that Oligocene sediments greatly expanded and filled 
the accommodation space created by slip along growth faults. 


Upper Jurassic-Cretaceous-Tertiary Composite Total Petroleum System 


Total Petroleum System Model


The assessment of undiscovered, technically recoverable conventional oil and gas resources and continuous coal-bed gas 
resources in Paleogene and Neogene strata underlying the U.S. Gulf of Mexico Coastal Plain and State waters was conducted 
by using a TPS model. A TPS consists of all genetically related petroleum generated by a pod or closely related pods of mature 
source rocks (Schmoker and Klett, 2004). A TPS also includes all of the important elements of a hydrocarbon fluid system 
needed to develop oil and gas accumulations, including source and reservoir rocks, hydrocarbon generation, migration, traps, 
seals, and discovered and undiscovered hydrocarbon accumulations (Klett and others, 2004). An assessment unit (AU) is a map-
pable volume of rock within a TPS that encompasses discovered and undiscovered fields that share similar geologic character-
istics and economics (Klett and others, 2004). The type of undiscovered hydrocarbon accumulations, discrete (conventional) or 
continuous-type (unconventional), determines the methodology to be used in a USGS assessment (Schmoker, 2005). All of the 
AUs identified for the Frio and Anahuac Formations were assessed as conventional hydrocarbon accumulations. 
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Figure 10. Simplified schematic cross section showing formation of successive growth-faulted subbasins, modified from Brown 
and others (2004). In their model, each subbasin is filled with genetically similar but diachronous depositional systems. The rotation 
of hanging-wall blocks mobilized deep-water muds (red arrows), which forced the muds basinward and upward to form shale 
ridges. Brown and others (2004) reported that these subbasins have been prolific petroleum targets for decades and are the focus 
of prospecting for deep gas. 


5
6


4
3
2
1


Se
qu


en
ce


s


Landward Active Delta Plain Basinward


2 MILES


ft


0
0


 200
m


2 KILOMETERS


Approximate Scale


 1000


EXPLANATION
? ?


Transgressive systems tract


Highstand systems tract


Lowstand systems tract–prograding wedge 


Lowstand systems tract–toe-of-slope 


Lowstand systems tract–basin-floor fan or incised slope fan


Lowstand systems tract–prior to sequence 1 


Mobilized deepwater sediments


Lowstand systems tract--slope fan 


Lowstand systems tract–incised-valley fill 


SYSTEM TRACTS


?


Toe-of-slope fans


Lowstand basin-floorfan and channel fill


Growth fault
Movement of sediments


Growth fault extent unknown


Lowstand prograding delta wedges and toe-of-slope fans (shingled turbidites)


Highstand and lowstand prograding delta-front facies


Lowstand slope fan and channel fill


Distributary channel fill–Lowstand and highstand delta systems 
Lowstand incised-valley channel fill


OTHER SYMBOLS







Upper Jurassic-Cretaceous-Tertiary Composite Total Petroleum System   15


V
ic


ks
b


u
rg


 
Fa


u
lt


 Z
o


n
e


?


Fr
io


Fa
u


lt
 Z


o
n


e


Fr
io


 a
n


d
 V


ic
ks


b
u


rg
 F


o
rm


at
io


n
s


A
A


’


To
p


 o
f F


ri
o


/
V


ic
ks


b
u


rg
  


se
q


u
en


ce
 


b
o


u
n


d
ar


y


To
p


 o
f J


ac
ks


o
n


 
se


q
u


en
ce


 b
o


u
n


d
ar


y


Ex
tr


ab
as


in
al


flu
vi


al
 s


ys
te


m


St
re


am
-p


la
in


 s
ys


te
m


D
el


ta
 s


ys
te


m


Sh
o


re
zo


n
e 


sy
st


em


Sh
el


f a
n


d
 o


ff
la


p
sl


o
p


e 
sy


st
em


s


G
en


et
ic


 s
tr


at
ig


ra
p


h
ic


se
q


u
en


ce
 b


o
u


n
d


ar
ie


s


Fi
gu


re
 1


1.
 


Cr
os


s 
se


ct
io


n 
of


 th
e 


Fr
io


 F
or


m
at


io
n 


sh
ow


in
g 


th
ic


ke
ni


ng
 a


nd
 v


er
tic


al
 d


is
pl


ac
em


en
t i


n 
th


e 
Vi


ck
sb


ur
g 


an
d 


Fr
io


 fa
ul


t z
on


es
 in


 s
ou


th
 T


ex
as


 (m
od


ifi
ed


 
fro


m
 G


al
lo


w
ay


 a
nd


 o
th


er
s,


 1
99


4;
 p


os
iti


on
in


g 
of


 V
ic


ks
bu


rg
 a


nd
 F


rio
 F


au
lt 


zo
ne


s 
ba


se
d 


on
 E


w
in


g 
an


d 
ot


he
rs


, 1
99


0)
. C


ro
ss


 s
ec


tio
ns


 b
y 


Ga
llo


w
ay


 a
nd


 o
th


er
s 


(1
99


4)
 a


re
 b


as
ed


 o
n 


cl
os


el
y 


sp
ac


ed
 w


el
l l


og
s 


an
d 


re
gi


on
al


 s
ei


sm
ic


 d
at


a.
 







16  Geologic Assessment of Undiscovered Oil and Gas Resources—Oligocene Frio and Anahuac Formations


Source Rocks 


The source of oil and gas in Oligocene reservoirs has been controversial. Sassen (1990) reported that crude oils in Oli-
gocene and younger reservoirs in southern Louisiana probably migrated vertically from deep, lower Tertiary source rocks but 
that Mesozoic sources may also have also been included. Other potential source rocks in southern Louisiana were thought to 
be the upper Eocene Jackson Group and Vicksburg Groups (Tanner and Feux, 1990) or biogenic gas sources (Nehring, 1991). 
Galloway and others (1982) reported that although Frio mudstones contain low percentages of organic carbon and are dominated 
by gas-prone woody and herbaceous organic matter types, the volumes of potential source rock are immense. LaPlante (1974) 
suggested that Oligocene rocks in southern Louisiana contain disseminated, terrestrially derived kerogen capable of generating 
hydrocarbons if subjected to sufficiently high temperatures. In contrast, on the basis of total organic carbon content, Bissada and 
others (1990) reported that Oligocene and younger rocks were not significant petroleum source rocks. 


In the northern, onshore Gulf Coastal region, the organic-rich shales of the Upper Jurassic (Oxfordian) Smackover Forma-
tion, and Upper Cretaceous (Turonian) Eagle Ford Group, and organic-rich shales and coals of the Lower Tertiary (Paleocene-
Eocene) Wilcox and Claiborne Groups have been considered to be the primary source rocks for petroleum liquids in Tertiary 
hydrocarbon reservoirs (Wenger and others, 1990; Price, 1991; McDade and others, 1993; Hood and others, 2002) (fig. 12). 
Geochemical compositions of more than 2,000 reservoired oils, 600 reservoired natural gases, and 3,000 hydrocarbon-bearing 
seabottom dropcores (Hood and others, 2002) were compiled and used to constrain source rock characteristics such as organic-
matter type, depositional facies, level of maturation, and age (Wenger and others, 1994; Hood and others, 2002). On the basis of 
these previous studies (Wenger and others, 1994; Hood and others, 2002) and additional data (as described below), the USGS 
Tertiary Assessment Team developed a geologic model for the assessment of Tertiary stratigraphic intervals. 


In the model of Wenger and others (1994) and Hood and others (2002), the northern outer regions of the basin are char-
acterized by oil generated primarily from the Upper Jurassic Smackover Formation and Upper Cretaceous Eagle Ford Forma-
tion source rocks, whereas the interior (coastal and nearshore) areas of the basin are characterized by oils produced from the 
Paleocene–Eocene Wilcox and Eocene Claiborne source rock intervals. In the work of Hood and others (2002), no significant 
Oligocene or younger source rocks were identified. Source rocks for Tertiary reservoirs in the onshore Gulf Coastal region were 
thought to be primarily mudstone, claystone, and coaly intervals of the Wilcox Group, with some contributions from the Sparta 
Sand of the Claiborne Group (Price, 1991; McDade and others, 1993; Wenger and others, 1994; Rowan and others, 2007; War-
wick and others, 2007b).


The USGS Tertiary Assessment Team, using both proprietary and public oil and gas geochemical data, concluded that 
although the mapped, two-dimensional hydrocarbon systems of Wenger and others (1994) and Hood and others (2002) gener-
ally were valid, mixing of oil and gas sourced from different source rock intervals (Smackover Formation, Eagle Ford Forma-
tion, Wilcox Group/Sparta Sand) within each petroleum system area identified on the Wenger-Hood maps could not be ruled 
out (M.D. Lewan, U.S. Geological Survey, written commun., 2006). Thus, rather than subdivide the Gulf Coast province into 
separate Total Petroleum Systems (for Smackover Formation, Eagle Ford Formation, and Wilcox Group/Sparta Sand), the USGS 
Assessment Team combined them into an Upper Jurassic-Cretaceous-Tertiary Composite Total Petroleum System (Dubiel and 
others, 2007; Warwick and others, 2007a) (fig. 13). Other shales, such as the Upper Jurassic Bossier Formation and Lower Cre-
taceous Pearsall Formation, also are recognized as potential source rocks.
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Figure 12. Map showing interpretation of the extent of oils and gases sourced from source rock intervals, based on oil geochemistry 
characteristics of source rock extracts (adapted from Wenger and others, 1994; Hood and others, 2002). The map indicates the source rock age 
and depositional environments (marine, intermediate, terrestrial, lacustrine) for the predominant oil type produced in a given area. “Intermediate” 
denotes a depositional environment intermediate between marine and terrestrial environments. Upper Jurassic (Oxfordian) includes Smackover 
Formation source rocks, Uppermost Jurassic (Tithonian) includes Bossier Formation source rocks, Lower Cretaceous (centered on Aptian) includes 
the Pearsall Formation, Upper Cretaceous (centered on Turonian) includes Eagle Ford Group source rocks, and Lower Tertiary (centered on 
Paleocene and Eocene) includes Wilcox Group and Claiborne Group (Sparta Sand) source rocks.
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Maturation of the Wilcox Group


Because source rocks for Tertiary reservoirs in the onshore Gulf Coastal region are thought to be primarily mudstone, 
claystone, and coaly intervals of the Wilcox Group, the following discussion focuses on the Wilcox, summarizing work by 
Rowan and others (2007). For the Tertiary Assessment, regional thermal maturity data were obtained from the literature, and 
new samples were collected and analyzed from the Wilcox Group to improve definitions of source rock maturity and distribu-
tion (Warwick, 2006; Rowan and others, 2007). Total organic carbon (TOC) data obtained from more than 1,000 outcrop and 
drill-hole samples indicated that the non-coaly Wilcox samples (< 10 percent TOC) average about 1.4 percent TOC (Rowan and 
others, 2007; Warwick and others, 2007a). Wilcox vitrinite reflectance (Ro) values based on about 450 samples range from about 
0.3 percent updip near the outcrop to more than 2.4 percent at depths greater than 25,000 ft in south Texas (Rowan and oth-
ers, 2007; Warwick and others, 2007a). Locally, Ro values exceed 4.0 percent in south Texas (Dow and others, 1988), possibly 
because of updip fluid migration along faults. Regional trends in the Ro data suggest that gradients of Wilcox maturity versus 
depth are not as steep in the northeastern part of the basin (Louisiana and Mississippi) as they are in the southwest (Texas), 
thereby implying a general increase in Wilcox maturity towards the south (Rowan and others, 2007). These Ro data were used to 
calibrate burial-history models, which constrain the oil and gas generating capacity of Wilcox source rocks in the northern part 
of Gulf of Mexico basin (Rowan and others, 2007; Warwick and others, 2007a).


Rowan and others (2007) reconstructed the thermal maturation history of the Paleocene–Eocene Wilcox Group based on 
burial history models of 53 wells in the Texas coastal plain (figs. 14 A–E). In their study, the Wilcox Group was modeled as a 
single unit, without subdivision into source-rock and non-source-rock intervals. Generation of oil from Type III kerogen within 
the Wilcox Group was modeled by using hydrous pyrolysis reaction kinetic parameters (M.D. Lewan, U.S. Geological Survey, 
written commun., 2006). Gas generation from Type III kerogen was represented by using calculated Ro values, in accordance 
with the approach described in Roberts and others (2004). The models were calibrated with bottomhole temperature (BHT) and 
%Ro data for the Wilcox Group. Ro data from near-coastal sites were selected to minimize the possible effects of uplift and ero-
sion, then composited to give a regional Ro-depth trend (Rowan and others, 2007).


Results of the modeling study indicated that downdip portions of the basal Wilcox reached sufficient thermal maturity to 
generate hydrocarbons by early Eocene (≈50 Ma) (Rowan and others, 2007) (figs. 14 A–E). This relatively early maturation 
is explained by rapid sediment accumulation in the early Tertiary combined with the reaction kinetic parameters used in the 
models. Thermal maturation increased through time with increasing burial depth and temperature, gradually moving the matura-
tion front updip. At present day, hydrocarbon generation is complete in the downdip Wilcox within the Gulf Coastal Plain and 
State waters but is ongoing in the updip portions of the formation (Rowan and others, 2007). In addition, oil has cracked to gas 
(Rowan and others, 2007). 


Gas washing also may have occurred in the Frio and Anahuac Formations. As described by Tissot and Welte (1984), 
gaseous and very light hydrocarbons can migrate out of the overpressured zone more easily than heavier hydrocarbons and 
nonhydrocarbons, resulting in lighter hydrocarbons on their way upward extracting heavier compounds and carrying them along. 
Gas washing also has been described as gas influx into an oil field that strips soluble components and leaves heavier oil behind 
(Krooss and others, 1991; Blanc and Connan, 1994). 
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Figure 14. Tertiary burial-history curves for four wells where Ro and bottomhole temperature (BHT) data were 
available (from Rowan and others, 2007). The green shaded area represents the oil window for the Wilcox, defined 
by transformation ratios. The onset, peak, and end of oil generation in the Wilcox are represented by 1-, 50-, and 
99-percent transformation ratio (TR) curves, respectively. The 0.5- and 2.0-percent Ro contours, respectively, 
represent the onset and end of gas generation from Type III kerogen. A, Well 3-10. B, Well 3-12. C, Well 10-10.  
D, well 21-13. E, Well locations. 
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Migration


Both lateral and vertical migration pathways have been suggested for hydrocarbon accumulations in the Gulf Coast 
(fig. 15). A number of studies indicated that migration of oil and gas in the Cenozoic Gulf of Mexico basin primarily is vertical, 
occurring along abundant growth faults associated with sediment deposition or along faults associated with salt domes (Dow, 
1984; Sassen, 1990; Nehring, 1991; Price, 1991; Schenk and Viger, 1996). There are several lines of evidence that support 
vertical migration from deeply buried source rocks. Because deep Oligocene shales in southwestern Louisiana are characterized 
by low TOC values and are thermally immature for oil generation, even at a total depth of about 15,718 ft (4,791 m) (Bayliss 
and Hart, 1981), they are not likely to be the source rocks for Oligocene to Pleistocene reservoirs in this region (Sassen, 1990). 
Crude oils in the south Louisiana salt dome basin (fig. 4) usually are found in structural traps associated with salt domes. Verti-
cal migration from more deeply buried and thermally mature source rocks best explains their origin (Sassen, 1990), and vertical 
migration could have started along fractures in deep, overpressured shales and continued along fault conduits in the shallower 
hydropressured zone (Curtis, 1989; Hanor and Sassen, 1990). Echols and others (1994) suggested that vertical migration of 
hydrocarbons in northeast and central Louisiana, and in southwest Mississippi, may have been accomplished primarily though 
fracture systems. In areas to the south and west of this area, salt tectonics and related normal faulting may have played signifi-
cant roles (Echols and others, 1994). On the basis of production, geochemical, and geologic evidence, Echols and others (1994) 
argued against long-range lateral migration as a method for moving large quantities of hydrocarbons into Tertiary reservoirs in 
east-central Louisiana and southwest Mississippi. 
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However, there also is evidence supporting lateral migration pathways. For example, because the Wilcox in southwestern 
Mississippi and north-central Louisiana lacks source potential and is thermally immature, Sassen and others (1988) suggested 
that the best explanation for emplacement of Wilcox crude oils in this area is by long-range lateral migration from thermally 
mature source rocks downdip. Maximum migration distances from mature source rocks to updip reservoirs could be as much as 
150 km (Sassen, 1990). Dip-oriented intervals of thick sandstone largely unbroken by faulting could have served as conduits for 
long-range oil migration (Sassen, 1990). Wescott and Hood (1994) also invoked long-range lateral migration of hydrocarbons to 
charge reservoirs in the East Texas salt basin. Although impermeable barriers, such as evaporites, carbonates, and shales, may 
have helped to trap crude oil within limited volumes of reservoir rock and retard dispersal into adjacent stratigraphic units, these 
types of barriers have not always barred vertical migration (Sassen and Moore, 1988). 
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Reservoir Rocks


Frio Formation


Exploration for hydrocarbons within the Frio Formation has reached a mature to supermature stage (Nehring, 1991). Four 
major Frio trends in the Gulf of Mexico basin have many similarities in depositional environment, reservoir characteristics, and 
trap types (Nehring, 1991). In this report, “trends” refers to production trends, which are defined by a number of factors impor-
tant for petroleum accumulation, including reservoir, trap, seal, and source (Nehring, 1991). The south Texas-Burgos basin Frio 
trend consists of fluvial depositional environments updip and deltaic environments downdip (fig. 8). Reservoir quality varies 
greatly in this area (Nehring, 1991; see “Porosity and Permeability” section in this report). Trapping of hydrocarbons largely 
is structural and is a result of regional growth faulting and shale ridges (refer to “Traps and Seals” section). The Frio trend in 
the San Marcos arch area, which separates major Frio deltaic depocenters in south Texas (Norias and Norma deltas) from the 
Houston embayment, consists of an updip stream-plain environment and a downdip strandplain/barrier-island environment 
(Nehring, 1991). Reservoir quality is moderate to good in this area, with porosities of 20 to 26 percent and permeabilities of 25 
to 2,500 md (Nehring, 1991). Trapping largely is structural, determined by growth faults and shale ridges. The Houston embay-
ment Frio trend encompasses the second major Frio depocenter, which consists of a fluvial deltaic system with sediments that 
originated in the southern Rocky Mountains (Nehring, 1991). Reservoir quality generally is good to excellent in this depocenter 
(porosities of 16 to 36 percent; permeabilities of 50 to 3,000 md), and trapping largely is controlled by growth faults and salt 
structures (Nehring, 1991). The south Louisiana Frio trend contains a range of depositional environments, including strandplain, 
barrier bar, and Hackberry trend submarine channel sands in southwestern Louisiana (Nehring, 1991). Fluvial-deltaic sediments 
derived from the ancestral Mississippi River are to the east. The south Louisiana Frio trend is the deepest of all Frio trends, with 
reservoir depths that range from about 5,250 to 16,800 ft (Nehring, 1991). Reservoir quality is good to excellent, with porosities 
ranging from 20 to 35 percent and permeabilities ranging from 50 to 2,500 md.


Nehring (1991) reported that the Frio Formation, including the Anahuac Formation, is the largest producer of hydrocarbons 
from the Paleogene in the Gulf of Mexico. In the following discussion, the term “play” is used to classify reservoirs into geo-
logically similar groups, to allow for easy comparison of reservoir characteristics and major producing trends (refer to Kosters 
and others, 1989). According to Nehring (1991), the largest Frio trend is a gas and liquid petroleum play in south Texas and in 
the Burgos basin of Mexico. Another large oil and gas trend in the Frio is in the Houston embayment (Nehring, 1991). The “Frio 
Fluvial/Deltaic Sandstone along the Vicksburg Fault Zone, Texas Gulf Coast” play is reported to be the largest onshore gas play 
of the Texas Gulf Coast (11.8 trillion cubic feet of gas (TCFG); Kosters and others, 1989) (fig. 8). As reported by Kosters and 
others (1989), this play is very mature, densely drilled, and probably more than 90 percent depleted. The second largest gas play, 
as reported by Kosters and others (1989), is the “Downdip Frio Barrier/Strandplain Sandstone Play on the San Marcos Arch, 
Texas Gulf Coast” (9.4 TCFG). This play is reported to be mature in terms of production, with excellent reservoir quality. The 
“Deltaic Sandstones in the Houston Embayment, TX Gulf Coast” play (6.5 TCFG) is described as another extremely mature 
play with typically good reservoir quality (Kosters and others, 1989). 


Structure contour and isopach maps (figs. 16 A and B) generated from published data (Dodge and Posey, 1981; Bebout and 
Gutierrez, 1982, 1983) indicate that the depth to the top of the Frio Formation (including the Anahuac Formation) ranges from a 
minimum of less than 1,000 ft in updip areas to a maximum of about 18,000 ft in southern Louisiana. The thickness of the Frio 
(including the Anahuac formation) ranges from less than 1,000 ft in southern Louisiana to about 9,000 ft in south Texas. Data 
from NRG Associates, Inc. (2006), used in this assessment consists of 1,661 Frio reservoirs, not including the Hackberry trend. 
The depth to the top of reservoirs for the Frio Formation (not including the Hackberry trend) averages about 7,300 ft; thickness 
of reservoirs averages 47 ft, porosity averages 27 percent, and permeability averages 685 md (based on data from NRG Associ-
ates, Inc., 2006). Although there are no producing fields (greater than 0.5 MMBOE) within the deep, downdip areas of the Frio 
(based on data current as of 2004 in NRG Associates, Inc., 2006), data from the IHS Energy Group (2005a, b) indicate the pres-
ence of productive intervals within these areas. 


Hackberry Trend of the Frio Formation


The Oligocene Hackberry trend (fig. 3) has been described as potentially one of the most productive exploration targets in 
southeast Texas (Ewing and Reed, 1984). However, it also is known as a particularly difficult play to understand, having pro-
duced an abundance of dry holes (Cossey and Jacobs, 1992). As described in the “Depositional Systems” section of this paper, 
the Hackberry trend is thought to have been deposited in a slope environment. The trend consists of an irregular, updip slide 
scar; a rotational slide zone up to 4 mi (6.5 km) wide; and a downdip region more than 20 mi wide, where meandering subma-
rine channels deposited thick turbiditic sands (Cossey and Jacobs; 1992) (fig. 7). 
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Three potential Hackberry reservoir sandstones are (1) rotated slide blocks of shelf-edge sediments, (2) fill sequences in the 
lows created by the rotational faulting, and (3) narrow, sand-filled submarine channels (Cossey and Jacobs, 1992). Production 
is best where channels were deflected around salt domes, turbidity currents lost velocity, and sandstones, as described above, 
were deposited (Paine, 1971). The upper Hackberry shale section is reported to range in thickness from less than 100 ft to about 
3,000 ft in the most downdip wells (Paine, 1971). The lower Hackberry sandstone section is reported to range in thickness from 
0 to 1,200 ft (Paine, 1971). The depth to the top of Hackberry reservoirs averages about 9,700 ft, and thickness of reservoirs 
averages about 60 ft (NRG Associates, Inc., 2006). 


As reported by Kosters and others (1989), the “Frio Strand Plain and Barrier and Slope Sandstone in the Hackberry Embay-
ment of Texas” play (fig. 8) had a cumulative production of 1.95 TCFG; and John and others (1992c) noted that the “Middle Frio 
Slope Sandstone, western Louisiana Gulf Coast” had a cumulative production of 830 billion cubic feet of gas (BCFG). Porosity 
(25 to 35 percent) and permeability (60 to 2,500 md) were noted to be generally excellent in all sandstone facies of this play 
(Kosters and others, 1989). In this play, submarine canyon and fan systems are composed of complex mosaics of channel fill, 
overbank levee, and distal fan facies that make heterogeneous, highly compartmentalized reservoirs with low recovery efficien-
cies. For these reasons, Kosters and others (1989) reported that excellent potential exists for identifying untapped compartments. 
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Figure 16. Structure contours showing depth (from sea level) to the top of the Frio Formation (A) and total thickness of the Frio 
Formation (including the Anahuac Formation) (B). Maps were generated from well data published in a series of cross sections 
(Bebout and Gutierrez, 1982, 1983; Dodge and Posey, 1981). 
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Anahuac Formation


John and others (1992a) reported that the Anahuac play in southern Louisiana includes 73 major gas reservoirs in 43 fields 
(fig. 8). Plays identified by John and others (1992a) are based on depositional systems including proximal deltaic sandstones, 
distal deltaic sandstones, and slope sandstone subplays. The slope sandstone was identified as the largest subplay, having a 
cumulative production of 1.4 TCFG from 55 reservoirs in 34 fields, or 77 percent of total Anahuac production (John and others, 
1992a). Structures of the slope sandstone subplay include faulted anticlines, rollover anticlines, and faulted salt domes (John and 
others, 1992a). Nehring (1991) reported that the only major Anahuac trend was a gas and liquid petroleum play in south Loui-
siana and that most of the remaining Anahuac production was a gas and liquid petroleum trend in south Texas and the Burgos 
basin (Nehring, 1991). 


Desselle (1997a, b) described the Frio-Anahuac progradational distal delta-front sandstone play of the Mustang Island 
area and the Frio-Anahuac progradational shoreface and shelf sandstone play of the Mustang Island and Matagorda Island 
areas (fig. 8). Each of these plays is in Texas State offshore waters. Production of the Frio-Anahuac progradational distal delta-
front sandstone play ranges from the middle Frio to the lower Anahuac Formation, and the largest volume of hydrocarbons 
occurs in the lower Anahuac Marginulina sandstones (Desselle, 1997a). This is a minimally explored gas play, with boundar-
ies limited by prohibitive drilling depths, in addition to low porosities and permeabilities along the western boundary of the 
play (Desselle, 1997a). The Frio-Anahuac progradational shoreface and shelf sandstone play is gas-prone with subordinate oil 


E


EE


E


EE


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E
E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


EE


E


E


E


E E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E
E


E
E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


EE


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E
E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


EE


E


E


E
E


E


EE


EE


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E
E


E


E


E


E
E


E


E


E


E


E


E
E


E


E


E


E


E


E


E


E


E


E


E


EE


E


E


EE


E


E


E


E


E


E


E


E


E


EE


E


E


E


E


E


E


E


E
E


EE


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E
E


E


E
E


E


E


E


E


E


E


E
E


E


E


E
E


E


E


E


E
E


E
E


E


E


E


E


E


E
E


E


E


E


E


E


E


E


E


EE


E


E


E


E
E


E


E


E
E


E


E


E


E


E


E


E


E
E


E


E


E


E


E


E
E


E


E


E
E


E
E


E


E


E


E


E


E


E
E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E


E
E


E


E
E


E


E


E


E


E


E
E


E


E
E


E


E
E


E


E
E


E


E


E


E


E


E


E


E
E


E


0


0 110 220 Kilometers


75 150 Miles


National Oil and Gas Assessment Province Boundary


(thickness in feet)


Wells used to generate Frio-Anahuac isopach


0–2,000


2,000–4,000
4,000–6,000
6,000–8,000
>8,000


EXPLANATION


26°0”N


28°0”N


30°0”N


98°0”W 96°0”W 94°0”W 92°0”W 90°0”W


B


Figure 16.—Continued
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production (Desselle, 1997b). Most of the oil is from updip sandstone reservoirs that are confined to the lower Anahuac Mar-
ginulina sandstone (Desselle, 1997b). Most reservoirs in this play produce dry gas from overpressured reservoirs (Desselle, 
1997b), with overpressured systems defined as fluid pressures that exceed the normal hydrostatic pressure of 0.465 pound per 
square inch (psi) (Jackson, 1997). The uppermost reservoirs consist of thin, strike-aligned retrogradational sandstones of the 
lower Anahuac (Desselle, 1997b). Based on data from NRG Associates, Inc. (2006), the depth to the top of Anahuac reservoirs 
averages about 8,300 ft, and the thickness of Anahuac reservoirs averages about 100 ft. 


Reservoirs in Relation to Shelf Margin Deltas


Studies of the occurrence of reservoirs in relation to shelf-margin deltas, for the Frio and other large plays in the Gulf of 
Mexico, are abundant in the literature (Winker, 1982; Ewing and Vincent, 1997; Edwards, 2000, 2002, 2006; Galloway, 2002; 
Meckel, 2003; Brown and others, 2004, 2005, 2006; Hammes, Loucks, and others, 2007). Foundered shelf edges (FSEs), as 
described by Ewing and Vincent (1997), are thought to have resulted from the sudden movement of the shelf edge to a more 
landward point, owing to large-scale slumping, sliding, and erosion. In this model, the deep-water environments of the FSEs are 
described as promising targets for future exploration. Winker (1982) reported that many downdip Tertiary formations, including 
the Frio, are characterized by large growth faults with high expansion ratios in deltaic sequences and that hydraulic isolation of 
shallow-water sandstones by large fault offsets may have led to the formation of overpressured gas reservoirs. Edwards (2000) 
suggested that high rates of sedimentation and subsidence in the Gulf Coast Basin occasionally were overwhelmed by the col-
lapse of the shelf margin, such as occurred in the mid-Frio Hackberry trend. In this interpretation, the emplacement of slumped 
blocks into the collapsed area potentially resulted in the formation of unique reservoirs and traps (Edwards, 2000). Meckel 
(2003) suggested that the deltas that crossed the shelf, as a result either of progradation or of low sea level stands, produced 
distinctive depocenters that are important exploration targets because they consist of downdip sands that typically are encased 
in highstand deep-water shales. Previous work (Brown and others, 2004, 2005, 2006; Hammes, Loucks, and others, 2007; 
Hammes, Zheng, and others, 2007; Ambrose and others, 2010) shows that growth-faulted subbasins in the Frio Formation are 
major exploration targets along the south and central Texas Gulf Coast (fig. 10) and that Frio slope- and basin-floor-fan systems 
are underexplored (Hammes, Zheng, and others, 2007). 


Porosity and Permeability


Frio Formation


Loucks and others (1984) reported that the Frio Formation displays the best deep-reservoir quality in the Lower Tertiary 
section, based on plots of mean sandstone porosity versus depth (maximum depth close to 20,000 ft) from 156 wells along the 
onshore Texas Gulf Coast. This reservoir quality, however, is restricted to the middle and upper Texas Gulf Coast (Loucks and 
others, 1984). Sandstones within certain areas of the middle and upper Texas Gulf Coast, with depths of greater than 15,000 
ft, have permeability values greater than 1,000 md (Loucks and others, 1984). In contrast, in south Texas, although a number 
of permeabilities of about 10 md are recorded at depths of 15,000 ft, most permeability values are less than a few millidarcies 
(Loucks and others, 1984). 


The increase in reservoir quality from the lower to upper Texas Gulf Coast corresponds to changes in rock composition, 
intensity of diagenesis, and geothermal gradient (Loucks and others, 1984). Along the lower Texas Gulf Coast (south Texas), 
reservoir quality is poor, and Frio sandstones are low in quartz and rich in volcanic and carbonate rock fragments. Along the 
upper Texas Gulf Coast (southeast Texas), where reservoir quality is good, Frio sandstones are rich in quartz, lower in volcanic 
rock fragments, and lacking in carbonate rock fragments (Loucks and others, 1984). The abundance of chemically and mechani-
cally unstable volcanic and carbonate rock fragments along the lower Texas Gulf Coast favors diagenetic processes that destroy 
porosity (Loucks and others, 1984). 


Reservoir quality is related to the occurrence of primary and secondary porosity. Previous studies indicated that primary 
porosity in the Frio predominates in the shallow subsurface, and secondary dissolution porosity is dominant in the deeper 
subsurface (deeper than 10,000 ft) (Loucks and others, 1984). Secondary dissolution pores become dominant at depth because 
of the initiation of quartz cementation at these depths; quartz cement is precipitated in the primary pores, leaving the secondary 
pores open (Loucks, 2005). The most permeable sandstones are the ones having the best preserved primary intergranular pore 
network, and as the relative amount of secondary pores increases within a pore network, the associated permeability is reduced 
dramatically (Loucks, 2005). Processes that initiate brittle fractures during diagenesis also are important factors in quartz cemen-
tation (Makowitz and others, 2006). Understanding each of these factors is important in predicting reservoir quality, particularly 
in sandstones where abundant feldspars and volcanic rock fragments are expected (Loucks, 2005).
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Based on data from NRG Associates, Inc. (2006), the average porosity of Frio reservoirs (not including Hackberry trend 
reservoirs) is 27 percent, and the average permeability is 685 md. The average porosity in the Hackberry trend is 31 percent, 
and the average permeability is 820 md (based on data from NRG Associates, Inc., 2006). In the Anahuac of south Louisiana, 
Nehring (1991) reported that porosities are very good (25 to 35 percent), but permeabilities are found to vary widely (10 to 
2,000 md). Based on data from NRG Associates, Inc. (2006), the average porosity of Anahuac reservoirs is 30 percent, and the 
average permeability is 1,042 md. 


Traps and Seals


Frio Formation


Traps in the Frio Formation are structural, stratigraphic, or a combination of structural and stratigraphic (Kosters and oth-
ers, 1989; John and others, 1992 b, c, d; NRG Associates, Inc., 2006). Where there are major growth faults in downdip areas 
of the Frio, traps largely are structural, and faulted rollover anticlines are dominant (Kosters and others, 1989; John and others, 
1992 b, c, d; NRG Associates, Inc., 2006) (fig. 17). Rollover anticlines are particularly common within fluvial-deltaic sandstones 
of the Vicksburg fault zone (Galloway and others, 1983; Jirik, 1990; McRae and Holtz, 1994, 1995; Hopkins, 1998; Pendleton 
and Hardage, 1998). In the south Texas Burgos basin and San Marcos arch areas (fig. 4), structural traps are dominated by 
growth faults and shale ridges (Nehring, 1991). In the Houston embayment and in southern Louisiana, trapping is controlled 
by growth faults (faulted, rollover anticlines) and salt structures (Nehring, 1991; New Orleans Geological Society, 1995; NRG 
Associates, Inc., 2006). 


Combination traps involving faulted, rollover anticlines and stratigraphic traps in fluvial, deltaic, barrier-bar, shelf, or 
strandplain systems also are common (based on data from NRG Associates, Inc., 2006). Stratigraphic traps are common in 
fluvial systems updip from the major growth faults (Nehring, 1991), and shales provide the seals (Galloway and others, 1982, 
1983, 2000). For example, the middle Frio gas-producing reservoirs of the Seeligson field, Texas, consist of stacked fluvial 
channel-fill and crevasse splay sandstone deposits about 10 to 40 ft thick, encased in floodplain mudstones (Jirik, 1990) (fig. 18). 
Previous studies suggested that reservoir heterogeneity is an important factor in fluvial and deltaic sandstones of the Vicksburg 
fault zone (Jirik, 1990; McRae and Holtz, 1994, 1995; Knox and McRae, 1995), and in inner-shelf and barrier/strandplain 
sandstones in south Texas and the San Marcos arch (Ricoy and others, 1992; Knox, 1994). These studies indicated potential for 
incompletely drained and untapped reservoirs. Previous work also suggested that use of 3-D seismic techniques to image com-
plex fluvial sand bodies in the Vicksburg fault zone may lead to identification of untapped reservoirs (Pendleton and Hardage, 
1998). Frio shales provide seals in south Texas and in the San Marcos arch area; Frio and Anahuac shales provide seals in the 
Houston embayment and southern Louisiana (Galloway and others, 1982, 1983, 2000).


Figure 17. Schematic cross section of reservoirs of the Tom O’Connor field, Refugio County, Texas (from Galloway and others, 1983). Closure 
results from rollover caused by displacement along an updip growth fault. Vertical upbuilding and stacking of barrier sands in the San Marcos 
arch produced thick aggradational sequences of multiple stacked reservoirs, typical of many of the Frio fields.
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Hackberry Trend of the Frio Formation


As described earlier, the setting of the updip Hackberry is an area of slope failure involving slide blocks; and the setting of 
the downdip play is channels where thick, turbidite sands were deposited (Berg and Powers, 1980; Cossey and Jacobs, 1992) 
(fig. 7). The first fields of the Hackberry trend were discovered in structural/stratigraphic traps on the updip flanks of salt domes, 
where channels were forced to meander around paleobathymetric highs (Cossey and Jacobs, 1992). Based on data from NRG 
Associates (2006), traps in the Hackberry trend are structural (faulted rollover anticline, salt diapir) or combination (faulted 
rollover anticline with deltaic-channel fill). Previous studies indicate that traps formed in faulted anticlines or on the flanks of 
diapiric uplifts (Kosters and others, 1989). Abrupt stratigraphic pinchouts characteristic of submarine canyon facies also are 
important traps, and interbedded shelf and upper-slope mudstone facies form effective seals (Kosters and others, 1989). 


The Port Arthur and Port Acres fields are within and on the southern flanks of the Port Arthur channel (Ewing and Reed, 
1984) in southeast Texas (fig. 3). The Port Acres field is a classic example of a primary stratigraphic trap (updip pinch-out) 
within the uppermost lower Hackberry sandstone (Halbouty and Barber, 1961; Ewing and Reed, 1984). The Port Arthur field, 
located a few miles east of Port Acres field, is a combination structural-stratigraphic trap, and the stratigraphic traps are within 
submarine fan depositional systems (Ewing and Reed, 1984). Production is from locally deposited lower Hackberry sandstones 
on an anticlinal closure that developed on the downthrown side of a regional growth fault (Halbouty and Barber, 1961; Ewing 
and Reed, 1984). Structural traps also are found in the Bobcat Run South field of southeast Texas (fig. 3), including upthrown 
closures along northeast-southwest trending fault patterns (Zamboras, 1998). In the North Sabine Lake field of southwest Loui-
siana (fig. 3), the primary trapping mechanism is stratigraphic, where it appears that many small sand lenses have coalesced to 
form a single large reservoir (Eubanks, 1987). Eubanks (1987) suggested that lower Hackberry sands were deposited in preexist-
ing submarine canyons perpendicular to the “Hartburg flexure” (fig. 7) and that the sands were positioned between the regional 
pre-Hackberry unconformity and a semiregional unconformity higher in the stratigraphic section (lower Hackberry). The semire-
gional unconformity consists of a 3- to 5-ft-thick silt layer, which truncates some of the sand lenses beneath it and is a major 
factor in trapping hydrocarbons in the North Sabine Lake field (Eubanks, 1987). 


Anahuac Formation


In the Anahuac, traps are structural or combination, including faulted rollover anticlines and salt-diapir-related traps (based 
on data from NRG Associates, Inc., 2006). In the Anahuac distal deltaic sandstone play, the gas fields of southwest Louisiana 
contain a number of closures against a major east-west trending growth fault (John and others, 1992a) (fig. 8). In the Anahuac 
slope sandstone play, the largest of the Anahuac plays described by John and others (1992a), traps include complexly faulted 
anticlinal structures, rollover anticlines against faults, and faulted structures extending from piercement salt domes. 


Resource Assessment


Geologic Model Used to Define Paleogene Assessment Units


The USGS Paleogene assessment team developed a geologic model to define AUs (fig. 19) on the basis of recurring 
regional-scale structural and depositional features in Paleogene strata, developed from the concepts of Ewing (1991a) and 
illustrated by Coker and others (2003) and Radovich and others (2007). Other studies that were important in development of the 
model include Winker (1982), Galloway and others (1982), Ewing (1990, 1991b); Galloway and others (2000), and Galloway 
(2005).


During progradation, deposition occurred in three general areas of the Gulf Coast basin, which we refer to as “Stable 
Shelf,” “Expanded Fault,” and “Slope and Basin Floor” environments or zones (fig. 19). The “Stable Shelf Zone” occurs in the 
landward (updip) parts of the basin, where growth faulting either is absent or minimal. The Frio interval is the exception to this 
model, containing a large portion of the Vicksburg fault zone that has normally pressured reservoirs (refer to discussion in “Frio 
Stable Shelf Oil and Gas AU” section). For all stratigraphic intervals assessed in the Paleogene, the “Expanded Fault Zone” con-
tains growth faults that formed at or near the paleo-shelf edge of the underlying unit. Sediments in the “Expanded Fault Zone” 
have undergone extreme vertical displacement and thickening (that is, expansion) as a result of the growth faulting. For all 
stratigraphic intervals assessed in the Paleogene, the “Slope and Basin Floor Zone” consists of environments formed basinward 
(downdip) of the paleo-shelf edge, where growth faulting was minimal and sediments were not vertically displaced or thickened 
to a great extent. As would be expected from the cyclical nature of these progradational systems for the stratigraphic intervals 
assessed, there is overlap between “Stable Shelf,” “Expanded Fault,” and “Slope and Basin Floor Zones” through time. Each of 
the AUs, as conceptually defined in the geologic model, is described in more detail in the following paragraphs.
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Figure 19. Geologic model used to define the assessment units. A, Diagram showing stable shelf, expanded fault, and 
slope and basin floor zones. B, Generalized diagram with structural and depositional systems associated with each zone. 
(Modified from Edwards, 1991; P.C. Hackley, U.S. Geological Survey, written commun., 2006.)
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Stable Shelf Assessment Units.—The “Stable Shelf” AUs of the Paleogene stratigraphic intervals assessed primarily are 
composed of fluvial and deltaic highstand and transgressive systems tracts (fig. 19). Reservoirs generally are at shallower drill-
ing depths than those of the “Expanded Fault” and “Slope and Basin Floor” AUs. Stratigraphic vertical expansion is minor for 
most of the stratigraphic intervals assessed, and reservoir intervals are thin compared to those in the “Expanded Fault” AUs. 
Exploration in the “Stable Shelf” AUs is very mature, and production of oil and gas is from reservoirs having normal tempera-
ture and pressure depth gradients. Based on regional thermal maturation modeling studies (Rowan and others, 2007), “Stable 
Shelf” AUs in Paleogene strata generally are thermally immature, suggesting that oil and gas reservoired in these areas migrated 
from deeper, mature source rocks downdip. This interpretation is supported by studies of geochemical data collected by the U.S. 
Geological Survey (M.D. Lewan, U.S. Geological Survey, written commun., 2006).


Expanded Fault Zone Assessment Units.—The “Expanded Fault Zone” AUs of the assessed Paleogene intervals display 
greater reservoir thickness and vertical displacement resulting from syndepositional growth faulting, compared to the “Stable 
Shelf Zone” AUs (fig. 19). The “Expanded Fault Zone” AUs mostly comprise deltaic and marine highstand and lowstand 
systems tracts. Drilling depths to reservoirs generally are greater than for the stable shelf AUs. Reservoir intervals range from 
thin to thick, and hydrocarbon exploration and production trends are characterized as mature to frontier. Reservoir pressures and 
temperature range from normal to high, owing to the onset of overpressured conditions at depth. Based on production data (IHS 
Energy Group, 2005a; NRG Associates, 2006) and thermal maturation modeling studies (Rowan and others, 2007), Paleogene 
strata in the “Expanded Fault Zone” AUs generally are mature to overmature with respect to oil and gas generation. In the 
“Expanded Fault Zone” AU for the Frio Formation (including the overlying Anahuac Formation), both oil and gas have been 
produced to a significant degree (Nehring, 1991). 


The updip margin of the “Expanded Fault Zone” AU for the Frio Formation was defined on the basis of the occurrence 
of the Frio fault zone in Texas (Ewing and others, 1990, Ewing, 1991a, 1991b), the location of unstable (growth-faulted) shelf 
margins in Louisiana (Paine and others, 1968; John and others, 1992 b, c, d), and the occurrence of reservoirs in overpressured 
stratigraphic intervals (refer to discussion in “Frio Expanded Fault Zone Oil and Gas AU”). 


Slope and Basin Floor Assessment Units.—The “Slope and Basin Floor” AUs of Paleogene intervals assessed have 
minimum to moderate fault-related expansion for the most landward part of the AU and mostly comprise deltaic and marine 
distal highstand and lowstand systems tracts. Reservoir intervals are thin to moderate as compared to the “Stable Shelf” and 
“Expanded Fault Zone” AUs (fig. 19). The USGS Paleogene Assessment Team defined the “Slope and Basin Floor” AUs as 
frontier to hypothetical hydrocarbon production areas, owing to the lack of drilling and production data from these areas. 
Reservoirs are expected to be overpressured, with associated high temperatures. Based on thermal maturation modeling studies 
(Rowan and others, 2007), Paleogene strata in the “Slope and Basin Floor” expansion AUs generally are overmature, suggesting 
that gas would be the dominant reservoired hydrocarbon in the slope and basin floor AUs. 


Assessment Units


Six AUs were defined for the Frio (fig. 20); three of these units were based on the geologic model described in the previ-
ous section: the Frio Stable Shelf Oil and Gas AU, the Frio Expanded Fault Zone Oil and Gas AU, and the Frio Slope and Basin 
Floor Gas AU (fig. 20A). The fourth AU is the Hackberry Oil and Gas AU, which is based on the occurrence of reservoirs in 
the Hackberry trend. The fifth AU is the Frio Basin Margin AU. This unit was not quantitatively assessed, owing to the lack of 
potential for production in updip areas near the updip extent of Oligocene rocks. The sixth AU, the Anahuac Oil and Gas AU 
(fig. 20B), is based on occurrence of reservoirs in the Anahuac Formation. 


An events chart (fig. 21) shows the elements of the geologic model that describe the assessment units for the Frio and 
Anahuac reservoirs of the Upper Jurassic-Cretaceous-Tertiary Composite Total Petroleum System. Source rocks, reservoir 
rocks, traps and seals, and migration patterns have been discussed in previous sections of this report. The “critical moment” is 
defined as the point in time that best depicts the generation-migration-accumulation of most hydrocarbons in a petroleum system 
(Magoon and Dow, 1994).


 Boundaries Used to Define Assessment Units
Geologic features and political boundaries were used to define AUs for the Frio and Anahuac Formations (figs. 20 and 


22). For all Paleogene stratigraphic intervals assessed by the USGS Paleogene Assessment Team, a geologic model based on 
the degree of growth faulting, trap styles, and other related features was a primary consideration in determining AU boundaries 
(refer to “Geologic Model” section). Each of the boundaries used to define AUs is described in the following paragraphs and in 
previous publications (Swanson and others, 2007; Swanson and Karlsen, 2008, 2009).
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Limit of Thermally Mature Source Rocks
As discussed in the “Source Rock” section, the Tertiary assessment team concluded that the source rocks for Tertiary 


reservoirs in the onshore Gulf Coastal region are primarily mudstone, claystone, and coaly intervals of the Wilcox Group, with 
contributions from the Sparta Sand of the Claiborne Group (Rowan and others, 2007; Warwick and others, 2007a). The Lower 
Cretaceous shelf margin (Ewing and Lopez, 1991) was used as one of the boundaries to delimit AUs (fig. 22) because it marks 
the updip limit of Wilcox Group or Sparta Sand shales that are thermally mature (Rowan and others, 2007). For example, the 
Lower Cretaceous shelf margin was used as a limiting boundary for the Frio Stable Shelf Oil and Gas AU in parts of Texas and 
for the Frio Expanded Fault Zone Oil and Gas AU in parts of Louisiana. 


 Limit of Potential for Biogenic Gas
The 10,000-milligram-per-liter (mg/L) total dissolved solids (TDS) isoline (Pettijohn, 1996) also was used as a defining 


boundary for AUs in the Frio Formation, to indicate the updip limits of potential for production of biogenic gas (fig. 22). Previ-
ous studies indicated the presence of biogenic gas accumulations in the Frio Formation of southwestern Mississippi and south-
eastern Louisiana (Champlin, 1995; Goddard and Zimmerman, 2003). Because isotopic data for coal gas samples collected from 
recent Wilcox coalbed gas exploration wells in Louisiana suggest that coal gases are produced primarily by the bacterial reduc-
tion of CO2 in a saline aquifer system (Warwick, 2004; Warwick and others, 2008), we have hypothesized that microbes produc-
ing biogenic gas in the Frio Formation would have required saline aquifer systems. The U.S. Environmental Protection Agency 
standard for an underground source of drinking water (<10,000 mg/L TDS) (U.S. Environmental Protection Agency, 2002) was 
used to represent the saltwater/freshwater interface. In one part of Louisiana and Mississippi, the Frio Stable Shelf Oil and Gas 
AU was extended updip of the 10,000-mg/L TDS isoline to include producing wells and indicate the potential for lateral migra-
tion of biogenic gases in this area.


Updip Extent of Oligocene Rocks
The updip extent of Oligocene rocks was used to indicate the updip limit of potential for production in the Frio and Ana-


huac Formations. Because the Oligocene is not visible in outcrop in central and eastern Texas and western Louisiana (Schruben 
and others, 1998; based on King and Beikman, 1974) (fig. 22), the contact between the Miocene and Eocene Jackson Group 
was used to estimate the updip extent of Oligocene rocks in these areas. In south Texas, where Miocene outcrops are limited in 
extent, the updip limit of Oligocene rocks was based on either the contact between the Eocene Jackson Group and the Miocene 
or the outcrop of the Eocene Jackson Group alone. In most areas of Mississippi and Alabama, the contact between the Oligocene 
and Miocene was used to estimate the updip extent of Oligocene rocks. In parts of Alabama, the contact between the Miocene 
and Eocene Jackson Group was used to estimate the updip extent of Oligocene rocks. In parts of central and eastern Louisiana, 
where Holocene sediments are extensive, the updip extent of the Oligocene was estimated on the basis of limited outcrops show-
ing the contact between the Miocene and Eocene Jackson Group. AUs having boundaries defined by the updip extent of Oligo-
cene rock units include the Frio Basin Margin AU and Frio Stable Shelf Oil and Gas AU. 


State/Federal Water Boundaries
The offshore State/Federal water boundary or USGS petroleum region and/or province boundaries (U.S. Geological Survey, 


1996) also were used to define the limits of all of the AUs for the Frio and Anahuac Formations: Frio Stable Shelf Oil and Gas 
AU (fig. 23), Frio Expanded Fault Zone Oil and Gas AU (fig. 26), Hackberry Oil and Gas AU (fig. 30), Frio Slope and Basin 
Floor Gas AU (fig. 33), and Anahuac Oil and Gas AU (fig. 34).


Frio Basin Margin Assessment Unit
The Frio Basin Margin AU was defined to indicate the full extent of Oligocene rocks updip of the Frio Stable Shelf Oil and 


Gas AU (fig. 20). Because there is no known production in the Frio Basin Margin AU (based on data from NRG Associates, Inc., 
2006), it was not quantitatively assessed. The updip limit of the Frio Basin Margin AU is defined by the updip extent of Oligo-
cene rocks. The downdip boundary of the Frio Basin Margin AU indicates the downdip limit of nonproductive areas, as defined 
by (1) the 10,000-mg/L TDS isoline, which indicates the probable updip limit for production of biogenic methane; (2) the Lower 
Cretaceous shelf margin, which marks the updip limit of Wilcox Group or Sparta Sand shales that are thermally mature (Rowan 
and others, 2007); and (3) areas of known production within the Frio Stable Shelf Oil and Gas AU (figs. 22 and 23). 
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Frio Stable Shelf Oil and Gas Assessment Unit 
The Frio Stable Shelf Oil and Gas AU (fig. 23) is a mature to supermature exploration area. Although there has been exten-


sive drilling for hydrocarbons throughout the unit, producing reservoirs are particularly numerous in mid and south Texas (based 
on data from NRG Associates, Inc., 2006). 


Based on data from NRG Associates, Inc. (2006), the average depth to the top of reservoirs in this AU is 4,834 ft, and the 
average thickness of reservoirs is 34 ft. Frio reservoir porosity has an average value of 28 percent, and average permeability is 
about 740 md. In general, fields in the Frio Stable Shelf Oil and Gas AU are normally pressured. Reservoir pressures average 
2,127 psi and temperatures (including both reservoir and bottomhole temperatures) average 156 °F (based on data from NRG 
Associates, Inc.; 2006). 


Growth faults are minimal in much of the Frio Stable Shelf Oil and Gas AU (fig. 23). However, the Vicksburg fault zone is 
present in a band that parallels the Texas coast (Coleman and Galloway, 1991; Ewing, 1991a; Combes, 1993), and a large part 
of this fault zone was included within the Frio Stable Shelf Oil and Gas AU, for the following reasons. Although there is vertical 
expansion of the Frio within the Vicksburg fault zone, it is not as great as that in the Frio fault zone farther downdip. Cross sec-
tions by Galloway and others (1994) (fig. 11), which are based on closely spaced well logs and regional seismic data, indicate 
extreme vertical expansion of the Frio within the Frio fault zone and significantly less expansion in the Vicksburg fault zone. 
The part of the Vicksburg fault zone that contains overpressured reservoirs, in south Texas, was not included in the Frio Stable 
Shelf Oil and Gas AU. Depositional systems in the Frio Stable Shelf Oil and Gas AU consist of fluvial, deltaic, delta mouth and 
barrier bars, and shelf environments (Galloway and others, 1982, 1983, 2000). 


In most parts of the Frio Stable Shelf Oil and Gas AU, the updip margin follows the 10,000-mg/L TDS isoline (fig. 23), 
which is an indicator of the potential updip limit of biogenic methane. The updip limit of Oligocene rocks was used to delimit 
the updip boundary of the AU in south Texas, owing to the presence of oil and gas fields near the saltwater/freshwater interface. 
The Lower Cretaceous shelf margin marks the updip limit of Wilcox Group or Sparta Sand shales that are thermally mature 
(Rowan and others, 2007), and it was also used as an updip boundary for the AU in areas where the 10,000-mg/L TDS isoline 
is not defined and the potential for biogenic gas is poorly understood. In eastern Louisiana and southern Mississippi, the AU 
was extended updip of the Lower Cretaceous shelf margin because there is potential for biogenic gas in saline portions of the 
Frio (downdip of the 10,000-mg/L TDS isoline). In southwestern Mississippi, the AU boundary extends beyond (north of) the 
10,000-mg/L TDS isoline to account for known production and lateral migration of biogenic gas in the area. 


The downdip boundary of the Frio Stable Shelf Oil and Gas AU was determined on the basis of the updip extent of the Frio 
fault zone in Texas (Ewing, 1986; 1991a, b; Ewing and others, 1990) and the updip boundary of unstable shelf areas in Louisi-
ana, as reported in previous studies (Paine and others, 1968; John and others, 1992b, c, d) (figs. 22 and 23). The downdip  
boundary of the Frio Stable Shelf Oil and Gas AU also generally marks the limit of known Frio production in normally  
pressured zones. 


The Frio Stable Shelf Oil and Gas AU is a very mature area for both oil and gas production, having 197 oil accumulations 
and 239 gas accumulations that exceed the minimum accumulation size of 0.5 MMBOE (based on data from NRG Associates, 
Inc., 2006). Plots of (1) accumulation discovery year versus cumulative grown oil and (2) accumulation discovery year versus 
cumulative grown gas volume demonstrate the degree of maturity for oil and gas production in this AU (fig. 24). Cumulative 
grown oil volumes rose sharply in the early years of production but reached a plateau in the late 1960s that has continued to the 
present. Cumulative grown gas curves rose sharply until the early 1950s, followed by a much more gradual rise in production to 
the present. The trends in these plots indicate that production in the AU is very mature for both oil and gas. 


In the USGS assessment process (Klett and others, 2003), oil and gas production data for discovered fields (NRG Associ-
ates, Inc., 2006) were used to estimate the median oil and gas accumulation sizes, maximum oil and gas accumulations sizes, 
and number of undiscovered fields within a given AU. Figures 25A and B contains plots of field sizes for discovered oil and gas 
accumulations versus discovery year within the Frio Stable Shelf Oil and Gas AU; estimated field sizes for undiscovered fields 
also are plotted. All estimates (median, maximum, and number of accumulations) are included in appendix 1. 


The median size of discovered oil accumulations in the Frio Stable Shelf Oil and Gas AU (fig. 25A) for the first third of 
production is 8.8 million barrels of oil (MMBO), for the second third of production is 2 MMBO, and for the third third of pro-
duction is 1 MMBO. Because this is a mature AU for oil production and the geology of the area does not suggest any major new 
discoveries for oil, we estimated the median size of undiscovered oil accumulations to be 0.9 MMBO, which is slightly lower 
than that of the third third of production (1.0 MMBO). Previous studies indicated that a high degree of compartmentalization 
exists in reservoirs of fluvial and deltaic depositional systems (Jirik, 1990; McRae and Holtz, 1994, 1995; Knox and McRae, 
1995), and some of these studies suggested that untapped compartments remain (Pendleton and Hardage, 1998). However, dis-
coveries of untapped compartments are not expected to make significant changes in production trends. 


On the basis of plots of accumulation discovery year versus grown oil accumulation size (fig. 25A), we estimated the mode 
and maximum of the number of undiscovered oil accumulations (greater than the minimum accumulation size of 0.5 MMBOE). 
We estimated a mode of 3 undiscovered accumulations, primarily because only three to four discoveries were made in the last 
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Figure 24. Plots of (A) accumulation discovery year versus cumulative grown oil and (B) accumulation 
discovery year versus cumulative grown gas volume (T.R. Klett, U.S. Geological Survey, written commun., 
2007; generated with data from NRG Associates, Inc., 2006) demonstrate the degree of maturity for oil and 
gas production in the Frio Stable Shelf Oil and Gas Assessment Unit. Abbreviations: MMBO, million barrels 
of oil; BCFG, billion cubic feet of gas. 
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Figure 25. Oil (A) and gas (B) accumulation sizes versus discovery years for discovered fields within the Frio Stable Shelf Oil and 
Gas Assessment Unit (AU) (T.R. Klett, U.S. Geological Survey, written commun., 2007; generated with data from NRG Associates, 
Inc., 2006) showing how the estimates of field sizes for undiscovered fields were determined. Production data are divided into 
1st, 2nd, and 3rd thirds of production, each third having an equal (or near equal) number of discovered fields (N). Estimates of the 
median and maximum accumulation sizes for undiscovered fields (yellow and orange triangles) are plotted outside of the graph. 
Solid line connects median values. Abbreviations: MMBO, million barrels of oil; BCFG, billion cubic feet of gas.
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two decades. Given the geology of the AU, we do not expect this trend to change significantly. To include the possibility of 
discovery of additional reservoirs (or compartments), we estimated a maximum of 10 undiscovered oil accumulations, which is 
more than the number of discovered oil accumulations in the last 20 years. 


The median size of discovered gas accumulations in the Frio Stable Shelf Oil and Gas AU for the first third of production 
is 24.3 BCFG, for the second third of production is 8.4 BCFG, and for the third third of production is 6.8 BCFG (fig. 25B). As 
stated above, trends in gas production in the Frio Stable Shelf Oil and Gas AU have been nearly level in the last few decades 
(fig. 24B). Because we expect this trend to continue, we estimated the median size of undiscovered gas accumulations to be 
6 BCFG, which is slightly lower than the third third of production (6.8 BCFG). We estimated the mode of the number of gas 
accumulations to be 20, which similar to the trend observed in the last two decades (fig. 25). The maximum number of undiscov-
ered gas accumulations was estimated to be 60, to allow for the possibility of additional, deeper gas deposits being discovered. 


Frio Expanded Fault Zone Oil and Gas Assessment Unit 
The Frio Expanded Fault Zone AU (fig. 26) is a mature exploration area, and drilling densities are high—particularly 


in the more shallow areas (based on data from IHS Energy Group, 2005a, b, and NRG Associates, Inc., 2006). In Texas, the 
updip boundary of the AU was based on (1) the updip extent of the Frio fault zone (fig. 9), a growth fault system occupying a 
belt about 64 km wide and having great potential for overpressured resources (Ewing, 1986, 1991a, 1991b; Ewing and others, 
1990); and (2) the updip limit of production in Frio well intervals in the overpressured zone (based on data from the IHS Energy 
Group, 2005a; Wallace and others, 1978, 1981). The part of the Vicksburg fault zone containing overpressured reservoirs, in 
south Texas, was included within the Frio Expanded Fault Zone Oil and Gas AU. In Louisiana, the updip boundary was based on 
the presence of known production in the overpressured zone and unstable shelf areas (Paine and others, 1968; John and others, 
1992b, c, d). The eastern boundary of the Frio Expanded Fault Zone AU is truncated at the Lower Cretaceous shelf margin. 


The downdip boundary for this AU is the late Oligocene shelf margin at maximum progradation (Galloway and oth-
ers, 2000). The shelf margin marks the downdip limit of siliciclastic shelf, carbonate shelf, and deltaic depositional systems 
(Galloway and others, 2000). 


Depositional systems in this AU include barrier-island, strandplain, deltaic, and shelf environments (Galloway and others, 
1982, 1983, 2000; John and others, 1992b, c, d). The Frio Expanded Fault Zone Oil and Gas AU is characterized by maximum 
vertical thickening due to growth faulting (refer to discussion in “Geologic Model” section). Reservoirs in the Frio Expanded 
Fault Zone Oil and Gas AU are thicker (average thickness of 56 ft) than those in the Frio Stable Shelf Oil and Gas AU (aver-
age thickness of 34 ft) (based on data from NRG Associates, Inc., 2006). Structure contour maps generated from published data 
(Dodge and Posey, 1981; Bebout and Gutierrez, 1982, 1983) indicate that the depth to the top of the Frio in the AU ranges from 
a minimum of about 5,000 ft in south Texas to a maximum of nearly 16,000 ft in southern Louisiana. 


The average depth to the top of reservoirs in this AU is 9,050 ft. Porosity averages 27 percent, and permeability averages 
636 md. In general, fields in the Frio Expanded Fault Zone Oil and Gas AU are overpressured. Average reservoir pressures are 
5,116 psi, and average temperatures (including both reservoir and bottomhole temperatures) are 226 °F (based on data from 
NRG Associates, Inc., 2006). 


The Frio Expanded Fault Zone Oil and Gas AU is a mature area for oil and gas production, having 159 discovered oil 
accumulations and 388 discovered gas accumulations that exceed the minimum accumulation size of 0.5 MMBOE (based on 
data from NRG Associates, Inc., 2006). Plots of accumulation discovery year versus cumulative grown oil volumes (fig. 27A) 
show a sharp rise in the early years of production, followed by a flattening of the cumulative grown oil curve beginning in the 
mid-1960s and continuing to the present. Based on this plot, oil production is very mature in the AU. Similar plots for gas show 
that cumulative grown gas volumes rose sharply until the mid 1960s and then changed to a much more gradual rise that has 
continued to the present (fig. 27B). The production curves suggest that gas production is not quite as mature as oil production 
in the AU. The expanded fault zone has potential for undiscovered deep gas accumulations, as suggested by plots of reservoir 
discovery year versus reservoir depth (fig. 28). 
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Figure 27. Plots of (A) accumulation discovery year versus cumulative grown oil volume and (B) accumulation 
discovery year versus cumulative grown gas volume (T.R. Klett, U.S. Geological Survey, written commun., 2007; 
generated with data from NRG Associates, Inc., 2006) demonstrate the degree of maturity for oil and gas production in 
the Frio Expanded Fault Zone Oil and Gas Assessment Unit. Abbreviations: MMBO, million barrels of oil; BCFG, billion 
cubic feet of gas.
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The median size of discovered oil accumulations in the Frio Expanded Fault Zone Oil and Gas AU for the first third of 
production is 10.1 MMBO, for the second third of production is 2.2 MMBO, and for the third third of production is 1.3 MMBO 
(fig. 29A). Because oil production is very mature in this AU, and the geology of the area does not suggest that there are major 
new undiscovered oil accumulations, we estimated the median size of undiscovered oil accumulations to be 1.1 MMBO, an 
amount slightly lower than that of the third third of production (1.3 MMBO). This estimate is based on the potential for undis-
covered oil in untapped compartments of barrier island, strand plain, deltaic, and shelf environments in the AU. 


Owing to the few number of discoveries of oil accumulations in this AU in the last 15 years, we estimated a mode of 8 
for the number of undiscovered oil accumulations (fig. 29A). On the basis of the same production data, 20 was estimated as the 
maximum number of undiscovered oil accumulations. 


The median size of discovered gas accumulations in the Frio Expanded Fault Zone Oil and Gas AU for the first third of 
production is 55.6 BCFG, for the second third of production is 19.8 BCFG, and for the third third of production is 16.2 BCFG 
(fig. 29B). As discussed earlier, trends in gas production in the Frio Expanded Fault Zone Oil and Gas AU have been rising 
slightly in the last few decades, probably as a result of production from deeper gas accumulations. Because we expect this 
trend in production of deeper gas deposits to continue, we estimated the median size of undiscovered gas accumulations to be 
15 BCFG, which is slightly lower than the median size of the third third of discovered gas accumulations (16.2 BCFG). We esti-
mated the maximum size of gas accumulations to be 200 BCFG, based on the size of gas discoveries in the last few decades. 


We estimated the mode of the number of gas accumulations to be 50, based on an assumption that the rate of discoveries in 
the last two decades would continue at about the same level (fig. 29B). The maximum number of undiscovered gas accumula-
tions was estimated to be 130, to allow for potential additional discoveries of deeper gas accumulations. 
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Figure 28. Plots of reservoir discovery year versus reservoir depth for gas for the Frio 
Expanded Fault Zone Oil and Gas Assessment Unit (T.R. Klett, U.S. Geological Survey, written 
commun., 2007; generated with data from NRG Associates, Inc., 2006).
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Figure 29. Oil (A) and gas (B) accumulation size versus discovery years for discovered fields within the Frio Expanded Fault Zone Oil 
and Gas Assessment Unit (AU) (T.R. Klett, U.S. Geological Survey, written commun., 2007; generated with data from NRG Associates, 
Inc., 2006), showing how the estimates of field sizes for undiscovered fields were determined. Production data are divided into 1st, 2nd, 
and 3rd thirds of production, each third having an equal (or near equal) number of discovered fields (N). Estimates of the median and 
maximum accumulation sizes for undiscovered fields (yellow and orange triangles) are plotted outside of the graph. Solid line connects 
median values. Abbreviations: MMBO, million barrels of oil; BCFG, billion cubic feet of gas.
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Hackberry Oil and Gas Assessment Unit 
As described by Cossey and Jacobs (1992), the Hackberry trend has an abrupt northern boundary where the Hackberry 


sharply onlaps the unfaulted margin of the lower Frio shelf sediments. The northern boundary defined by Cossey and Jacobs 
(1992) was used as the updip limit of the AU (fig. 30). The eastern and western boundaries defined by Cossey and Jacobs (1992) 
were extended to include known Hackberry field data and well production information (based on data from the IHS Energy 
Group, 2005a, b; and NRG Associates, Inc., 2006). Eastern and western boundaries of the AU are based in part on field data 
reported by Bornhauser (1960), Paine (1968), and Ewing and Reed (1984). 


The southern extent of the Hackberry trend as described by Cossey and Jacobs (1992) was limited by drilling economics to 
where the base of the Hackberry was at approximately 15,000 ft. For the USGS assessment, the southern boundary of the Hack-
berry Oil and Gas AU was extended to the State/Federal water boundary for two reasons. First, previous work (Paine, 1968, 
1971; Benson, 1971; Ewing and Reed, 1984; Cossey and Jacobs, 1992; Galloway and others, 2000) suggested that the downdip 
Hackberry was deposited in a slope environment. On the basis of geologic models from other areas, it seems reasonable to sug-
gest that the slope system may extend beyond the State/Federal water boundary and into the deepwater basin. Second, recent 
initial production tests and producing wells in the Hackberry are found at depths greater than 15,000 ft in downdip areas (based 
on data from IHS Energy Group, 2005a, b). 


Based on data from NRG Associates (2006), the average depth to the top of reservoirs is about 9,700 ft, and the average 
thickness of reservoirs is about 61 ft. Reservoir porosity averages about 31 percent, and reservoir permeability averages about 
820 md. Average reservoir pressures are about 6,500 psi, and average temperatures (including both reservoir and bottomhole 
temperatures) are 211 °F (based on data from NRG Associates, Inc., 2006). 


The Hackberry Oil and Gas AU is a poorly understood, immature exploration area having only 10 oil accumulations and 
37 gas accumulations that exceed the minimum accumulation size of 0.5 MMBOE since the beginning of production in the late 
1930s (based on data from NRG Associates, Inc., 2006). Plots of accumulation discovery year versus cumulative oil volumes 
(fig. 31A) show a general upward trend in production to the present. Similar plots of cumulative grown gas volumes (fig. 31B) 
show that gas production rose sporadically from the late 1940s to about 1985, followed by a lapse in gas production from 1985 
to 1995. Starting soon after 1995, when 3-D seismic technology became available, cumulative gas volumes began a dramatic 
upward trend that has continued through the present (2005). 


Because of the paucity of production data for oil in the Hackberry Oil and Gas AU, the data are divided into a first half of 
discovered accumulations and the second half of discovered accumulations, instead of in thirds (fig. 32A). The median size of 
discovered oil accumulations in the Hackberry Oil and Gas AU for the first half of production is 1.1 MMBO and for the second 
half of production is 4.2 MMBO. We estimated the median size of undiscovered oil accumulations to be 1.5 MMBO, a number 
that is lower than the median of the second half of production (4.2 MMBO), to indicate the high level of geologic complex-
ity in the AU and the low number (10) of oil accumulations discovered since production began in the 1930s. We estimated the 


Hackberry AU


Hackberry play boundary 
(Cossey and Jacobs, 1992)


State boundaries


County boundaries


State/Federal Water Boundaries


Louisiana


Texas EXPLANATION


94°0’W 93°0’W


30°0’N


Figure 30. The Hackberry Oil and Gas Assessment Unit (AU), with the extent of Hackberry play as defined by Cossey 
and Jacobs (1992). The southern boundary of the Hackberry, as reported by Cossey and Jacobs (1992) was limited to 
where the base of the Hackberry Formation was at about 15,000 feet. For this assessment, the boundary was extended 
downdip to the State/Federal Water Boundaries. 
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Figure 31. Plots of (A) accumulation discovery year versus cumulative grown oil volume 
and (B) accumulation discovery year versus cumulative grown gas volume (T.R. Klett, U.S. 
Geological Survey, written commun., 2007; generated with data from NRG Associates, Inc., 2006) 
demonstrate the degree of maturity for oil and gas production in the Hackberry Oil and Gas 
Assessment Unit. Abbreviations: MMBO, million barrels of oil; BCFG, billion cubic feet of gas.







48  Geologic Assessment of Undiscovered Oil and Gas Resources—Oligocene Frio and Anahuac Formations


Figure 32. Oil (A) and gas (B) accumulation sizes versus discovery years for discovered fields within the Hackberry Oil and Gas 
Assessment Unit (AU) (T.R. Klett, U.S. Geological Survey, written commun., 2007; generated with data from NRG Associates, Inc., 2006), 
showing how the estimates of field sizes for undiscovered fields were determined. Production data are divided into 1st and 2nd halves 
of production for oil accumulation (because there were not enough data for 3 thirds); data are divided into 1st, 2nd, and 3rd thirds for 
gas accumulations. Each third has an equal (or near equal) number of discovered fields (N). Estimates of the median and maximum 
accumulation sizes for undiscovered fields (yellow and orange triangles) are plotted outside of the graph. Solid line connects median 
values. Abbreviations: MMBO, million barrels of oil; BCFG, billion cubic feet of gas.
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maximum size of undiscovered oil accumulations to be 20 MMBO, to acknowledge the possibility of large undiscovered oil 
accumulations, based on the highest accumulation sizes in the past (fig. 32A). Because there are only 10 discovered oil accumu-
lations in the Hackberry Oil and Gas AU, for the number of undiscovered oil accumulations, we estimated a mode of 5 and a 
maximum of 30. 


The median size of discovered gas accumulations in the Hackberry Oil and Gas AU for the first third of production is 
32 BCFG, for the second third of production is 24.1 BCFG, and for the third third of production is 16.7 BCFG (fig. 32B). As 
stated above, trends in cumulative gas production in the Hackberry Oil and Gas AU rose dramatically after 1995, probably as 
a result of 3-D seismic technology. We estimated the median size of undiscovered gas accumulations to be 15 BCFG, which 
is slightly lower than the median size of the third third of discovered gas accumulations (16.7 BCFG), to indicate a continuing 
potential for undiscovered deep gas accumulations. On the basis of plots of accumulation discovery year versus gas accumula-
tion size, we estimated the maximum size of gas accumulations to be 400 BCFG, given the maximum accumulation size of gas 
over the production history of the area (fig. 32B). We estimated the mode of the number of gas accumulations to be 50, primar-
ily based on the rate of discoveries of gas accumulations in the Hackberry AU from 1995 to the present and on the continuing 
potential for undiscovered deep gas accumulations. The maximum number of undiscovered gas accumulations was estimated to 
be 150, to indicate the potential for a large number of reservoirs in this poorly understood production area. 


Frio Slope and Basin Floor Gas Assessment Unit 
The updip boundary of the Frio Slope and Basin Floor Gas AU (fig. 33) is the late Oligocene shelf margin (Galloway and 


others, 2000), and the downdip boundary is the State/Federal water boundary. Well data are sparse in this AU, which does not 
contain any discovered hydrocarbon reservoirs greater than the minimum cutoff of 0.5 MMBOE (based on data in NRG Associ-
ates, Inc., 2006). Only general estimates of depth and thickness of the Frio are possible. Based on structure contour and isopach 
maps generated from published data (Bebout and Gutierrez, 1982, 1983; Dodge and Posey, 1981), depth (from sea level) to the 
top of the Frio in this AU ranges from about 8,000 ft in Texas to approximately 18,000 ft in southern Louisiana, and the thick-
ness of the Frio ranges from about 2,000 ft in the eastern part of southern Louisiana to about 9,000 ft in central Texas and south 
Texas. 


The Hackberry trend, a slope facies depositional system (see “Depositional Systems” section), was used as an analog to 
estimate the numbers and sizes of undiscovered hydrocarbon accumulations in the Frio Slope and Basin Floor AU. Because the 
downdip boundary for the Frio Slope and Basin Floor Gas AU is the State/Federal water boundary, the AU is very narrow or 
absent in areas along the coast of Texas where the Frio is thickest (about 9,000 ft thick). The AU is much greater in areal extent 
in southern Louisiana, but a lack of well data makes it difficult to estimate thickness of the Frio in this area. Because previous 
studies suggest a limited clastic influx in the eastern part of the Gulf during the Oligocene (Liu and others, 1997; Galloway and 
others, 2000), we estimated the Frio to be thinner in southern Louisiana (particularly the eastern part of southern Louisiana) than 
in areas of Texas (where thicknesses probably reach 9,000 ft). On the basis of the Hackberry analog, we would expect sands of 
the slope and basin floor systems for the Frio to be primarily downdip of the State/Federal water boundaries. The presence of 
sands in offshore areas is verified in a report by the U.S. Minerals Management Service (Bascle and others, 2001), where the 
Middle Oligocene Fan 1 Play is described as having a deep-sea fan depositional style, with sediments deposited basinward of 
the shelf edges associated with the Middle Oligocene. However, because the AU is delimited by the State/Federal water bound-
aries, the total amount of slope sands and slope fan sands within the AU are expected to be very limited. For all of the reasons 
described above, the estimates for the number and sizes of undiscovered reservoirs in the Frio Slope and Basin Floor AU are 
relatively low in comparison to the slope and basin floor AUs of the other Tertiary stratigraphic intervals assessed (Dubiel and 
others, 2007). The greatest size and numbers of undiscovered accumulations are estimated for gas accumulations, owing to the 
depths to the top of the Frio in the AU (depths up to about 18,000 ft) and modeled thermal maturities at these depths. 


Because the area of the Frio Slope and Basin Floor AU is about 3 times that of the Hackberry Oil and Gas AU, estimates 
of undiscovered hydrocarbon resources reflect the potential for discovery of larger numbers and volumes of gas accumulations 
compared to the Hackberry AU. The estimates also take into account the decreased sediment load in southern Louisiana com-
pared to deltas in the Rio Grande and Houston embayments. Given all of these factors, the median size of undiscovered gas 
accumulations was estimated to be 18 BCFG, a number slightly higher than the median size (15 BCFG) estimated for the Hack-
berry Oil and Gas AU. The mode of the number of undiscovered gas accumulations was estimated to be 70, a number greater 
than the mode of 50 estimated for the Hackberry AU.


 Area and thickness of the Frio Formation were among the factors considered in the estimation of the number (mode of 20) 
and size (median of 2) of undiscovered oil accumulations for the Frio Slope and Basin Floor AU. The potential for undiscov-
ered oil accumulations was estimated to be low, particularly compared to the amount and volume of discovered and estimated 
undiscovered oil accumulations in the Frio Expanded Fault Zone Oil and Gas AU. The estimates for the Frio Slope and Basin 
Floor AU were based on knowledge that the Frio Formation in this AU is in the gas window, as indicated by thermal maturation 
studies (Rowan and others, 2007). Most of the liquid hydrocarbons that may originally have been in Frio slope and basin floor 
reservoirs have most likely cracked to gas, resulting in fewer and smaller oil accumulations than expected based solely on trap 
size and depth.
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Anahuac Oil and Gas Assessment Unit
The lateral extent of the Anahuac Oil and Gas AU (fig. 34) across the Gulf Coast is based, in part, on the area defined as 


the “Anahuac Sea” by Burke (1958) and the position of the shoreline during the late Oligocene (Rainwater, 1964). In Louisiana, 
the updip limit of the assessment area was modified to encompass producing fields of Anahuac deltaic, shelf, and slope environ-
ments (John and others, 1992a) and to include the Heterostegina shelf margin (Krutak and Beron, 1990). Structural contours of 
the top of the Heterostegina Zone (Warren, 1957) were used to estimate the northern extent of potential hydrocarbon-producing 
Anahuac sandstones. The AU extends downdip to the offshore State/Federal water boundary. The AU in eastern and south-
central Texas was extended updip of the late Oligocene paleoshoreline as defined by Rainwater (1964) to accommodate known 
producing reservoirs and initial production tests. In southern Texas, the updip limit of the AU was defined primarily on the basis 
of the thickness of sandstones, as indicated by Galloway and others (1982).


The updip limit of the Anahuac Oil and Gas AU generally lies south of the Lower Cretaceous shelf margin and the 
10,000-mg/L TDS isoline (Pettijohn, 1996) (fig. 34). However, in southeastern Louisiana, the AU boundary extends updip of the 
Lower Cretaceous shelf boundary to accommodate potential for biogenic gas. In south Texas, the boundary of the AU extends 
slightly updip of the 10,000-mg/L TDS isoline due to the presence of known Anahuac reservoirs in this area (based on data from 
the IHS Energy Group, 2005a, b; NRG Associates, Inc., 2006).


Based on data from NRG Associates (2006), the average depth to the top of reservoirs is about 8,300 ft, and the average 
thickness of reservoirs is 96 ft. Porosity has an average value of 30 percent, and permeability has an average value of 1,042 
md. Average reservoir pressure is 4,571 psi, and average temperature (including both reservoir and bottomhole temperatures) is 
184 °F (based on data from NRG Associates, Inc., 2006). 


Production data for the Anahuac Oil and Gas AU were extremely limited, consisting of a total of 16 oil accumulations and 
33 gas accumulations exceeding the minimum accumulation size of 0.5 MMBOE (based on data from NRG Associates, Inc.; 
2006). Plots of cumulative grown oil volumes versus discovery year (fig. 35A) show a sharp upward trend production from 
about 1930 to 1940, followed by a gradual rise in production from 1940 to the late 1970s. There have been no new oil accumu-
lations discoveries greater than 0.5 MMBO since the late 1970s. For gas accumulations (fig. 35B), there is a fairly sharp rise in 
production until the early 1970s, followed by a leveling off of production from the early 1970s to about 1990. There have been 
no new gas accumulation discoveries greater than 3 BCFG since about 1990. 


The median size of discovered oil accumulations in the Anahuac Oil and Gas AU for the first third of production is 
32.7 MMBO, for the second third of production is 2.4 MMBO, and for the third third of production is 3 MMBO (fig. 36A). 
We estimated the median size of undiscovered oil accumulations to be 2 MMBO, a figure slightly lower than the third third of 
discovered oil accumulations, primarily because the geology of the Anahuac Formation does not suggest potential for major new 
discoveries. However, because there is extremely limited production data for oil accumulations in the AU, there is a high degree 
of uncertainty, and we estimated a maximum of 60 MMBO for undiscovered oil accumulations to reflect this uncertainty. 


For gas accumulations in the Anahuac AU, the median size of discovered accumulations for the first third of production is 
15.4 BCFG, for the second third of production is 51.1 BCFG, and for the third third of production is 9 BCFG (fig. 36B). A high 
degree of uncertainty for gas production in the Anahuac AU is suggested by the curves for each third of production. Information 
on gas production in the Anahuac Formation in the public literature also is limited. For these reasons, the median for the size of 
undiscovered gas accumulations was estimated to be 18 BCFG, which is higher than the third third of discovered accumulations 
but well below the median size for the second third of gas accumulations. A maximum of 450 BCFG for the size of undiscov-
ered gas accumulations was estimated to account for the high degree of uncertainty of potential gas production in the Anahuac 
Formation. For gas, the maximum number of undiscovered gas accumulations in the Anahuac Formation was estimated to be 
20 and the mode of the number of undiscovered gas accumulations above the minimum size is was estimated to be 6. For oil, 
the maximum number of undiscovered accumulations was estimated to be 10 and the mode of the number of undiscovered oil 
accumulations above the minimum size was estimated to be 3. 
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Figure 35. Plots of (A) accumulation discovery year versus cumulative grown oil and (B) 
accumulation discovery year versus cumulative grown gas volume (T.R. Klett, U.S. Geological 
Survey, written commun., 2007; generated with data from NRG Associates, Inc., 2006) demonstrate 
the degree of maturity for oil and gas production in the Anahuac Oil and Gas Assessment Unit. 
Abbreviations: MMBO, million barrels of oil; BCFG, billion cubic feet of gas.
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Figure 36. Oil (A) and gas (B) accumulation sizes versus discovery years for discovered fields within the Anahuac Oil and Gas Assessment 
Unit (AU) (T.R. Klett, U.S. Geological Survey, written commun., 2007; generated with data from NRG Associates, Inc., 2006), showing how 
the estimates of field sizes for undiscovered fields were determined. Production data are divided into 1st, 2nd, and 3rd thirds of production, 
each third having an equal (or near equal) number of discovered fields (N). Estimates of the median and maximum accumulation sizes for 
undiscovered fields (yellow and orange triangles) are plotted outside of the graph. Solid line connects median values. Abbreviations: MMBO, 
million barrels of oil; BCFG, billion cubic feet of gas.
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Assessment Results
Table 2 is a summary of the assessment results for the four AUs in the Frio Formation and the one AU in the Anahuac 


Formation by resource type (crude oil, natural gas, natural gas liquids) (Dubiel and others, 2007). The total estimated means 
for undiscovered conventional oil resources, gas resources, and natural gas liquids are 172 million barrels of oil (MMBO), 
9,384 billion cubic feet of gas (BCFG), and 542 million barrels of natural gas liquids (MMBNGL), respectively. 


The total estimated mean for undiscovered conventional gas resources in all of the Frio and Anahuac AUs is 9,384 BCFG, 
ranging from 18,166 BCFG (F5) to 2,609 BCFG (F95), where F5 represents a 1 in 20 chance and F95 represents a 19 in 20 
chance of the occurrence of at least the amount specified. This resource includes both nonassociated gas in gas fields and associ-
ated gas in oil fields. Only 594 BCFG of the total mean estimated resource value (9,384 BCFG) represents associated gas in 
oil fields. Of the five units assessed, the Frio Slope and Basin Floor Gas AU shows the greatest potential for undiscovered gas 
resources, having an estimated mean of 5,589 BCFG, and ranging from 11,153 BCFG (F5) to 1,355 (F95). The Hackberry Oil 
and Gas AU shows the second highest potential for gas of the five units assessed, having an estimated mean of 1,807 BCFG, and 
ranging from 3,365 BCFG (F5) to 556 BCFG (F95).


The total estimated means for undiscovered conventional oil resources in all of the Frio and Anahuac AUs is 172 MMBO, 
ranging from 352 MMBO (F5) to 43 MMBO (F95). The largest undiscovered conventional crude oil resource was estimated 
for the Frio Slope and Basin Floor Gas AU, having an estimated mean of 110 MMBO, and ranging from 220 MMBO (F5) to 28 
(F95). 


The total estimated means for undiscovered natural gas liquids is 542 MMBNGL, ranging from 1,124 MMBNGL (F5) to 
135 MMBNGL (F95). 


Table 2. Summary of the assessment results for the Frio Formation (four assessment units) and the Anahuac Formation (one 
assessment unit) by resource type (crude oil, natural gas, natural gas liquids) (Dubiel and others, 2007).


Total Petroleum 
Systems (TPS)                                     


and Assessment 
Units (AU)


Field 
Type


Total Undiscovered Resources


Oil (MMBO) Gas (BCFG) NGL (MMBNGL)


F95 F50 F5 Mean F95 F50 F5 Mean F95 F50 F5 Mean


Upper Jurassic-Cretaceous-Tertiary Composite, TPS 504701


Frio Stable Shelf 
Oil and Gas, AU 
50470135


Oil 2 5 11 5 7 22 52 25 0 0 1 0


Gas 88 227 437 241 2 5 11 6


Total 2 5 11 5 95 249 489 266 2 5 12 6
Frio Expanded 


Fault Zone Oil 
and Gas, AU 
50470136


Oil 4 14 30 16 24 82 186 90 1 2 5 2


Gas 509 1,265 2,292 1,321 13 34 68 36


Total 4 14 30 16 533 1,347 2,478 1,411 14 36 73 38
Frio Slope and 


Basin Floor Gas, 
AU 50470137


Oil 28 102 220 110 84 320 756 358 2 9 24 11


Gas 1,271 4,829 10,397 5,231 81 322 757 358


Total 28 102 220 110 1,355 5,149 11,153 5,589 83 331 781 369
Anahuac Oil 


and Gas, AU 
50470138


Oil 3 13 39 16 8 33 103 41 0 1 2 1


Gas 62 240 578 270 2 7 17 8


Total 3 13 39 16 70 273 681 311 2 8 19 9
Hackberry Oil 


and Gas, AU 
50470139


Oil 6 22 52 25 17 69 178 80 0 2 6 2


Gas 539 1,632 3,187 1,727 34 109 233 118
Total 6 22 52 25 556 1,701 3,365 1,807 34 111 239 120


Total for all Frio 
and Anahuac 
AU’s


Oil 43 156 352 172 140 526 1,275 594 3 14 38 16


Gas 0 0 0 0 2,469 8,193 16,891 8,790 132 477 1,086 526
Grand Total 43 156 352 172 2,609 8,719 18,166 9,384 135 491 1,124 542







56  Geologic Assessment of Undiscovered Oil and Gas Resources—Oligocene Frio and Anahuac Formations


Conclusions


1. The USGS Tertiary Assessment Team, using both proprietary and public oil and gas geochemical data, concluded 
that although the mapped, two-dimensional hydrocarbon systems of Wenger and others (1994) and Hood and others 
(2002) generally were valid, mixing of oil and gas sourced from different source rock intervals (Smackover, Eagle 
Ford, Wilcox/Sparta) within each petroleum system area identified on the Wenger-Hood maps could not be ruled out 
(M.D. Lewan, U.S. Geological Survey, written commun., 2006; Warwick and others, 2007a). A single, Upper Jurassic-
Cretaceous-Tertiary Composite Total Petroleum System (TPS) for the Gulf Coast basin therefore was defined by the 
USGS Tertiary Assessment Team.


2. A geologic model based on recurring structural and depositional features in Paleogene strata was developed by the 
USGS Tertiary Assessment Team to define assessment units (AUs). In the model, the “Stable Shelf Zone” occurs in the 
landward (updip) parts of the basin, where growth faulting is absent or minimal. For the Frio Formation, we chose to 
include most of the Vicksburg fault zone in south Texas in the “Stable Shelf Zone” because sediments in this area of 
growth faults are not as thickened or vertically displaced as those found downdip in the Frio fault zone and reservoirs 
are normally pressured. Reservoir intervals in the “Stable Shelf Zone” are thinner than those in the “Expanded Fault 
Zone.” For the Frio Formation, the average thickness of discovered reservoirs in the “Stable Shelf Zone” is 34 ft, and 
the average depth of discovered reservoirs is 4,834 ft (based on data from NRG Associates, 2006). 


3. The “Expanded Fault Zone” of the geologic model contains growth faults that formed at the dominant shelf edge of the 
underlying unit. Sediments in the “Expanded Fault Zone” display extreme vertical displacement and thickening, and 
reservoirs are commonly overpressured. For the Frio, the updip margin of the “Expanded Fault Zone” was defined on 
basis of the updip boundary of the Frio fault zone in Texas, the occurrence of unstable shelf margins in Louisiana, and 
the presence of Frio reservoirs in overpressured stratigraphic intervals. The Frio “Expanded Fault Zone” also includes 
part of the Vicksburg fault zone, in south Texas, that contains overpressured reservoirs. The average thickness of dis-
covered reservoirs in the Frio “Expanded Fault Zone” is 56 ft, and the average depth of discovered reservoirs is 9,050 ft 
(based on data from NRG Associates, 2006).


4. The “Slope and Basin Floor Zone” of the geologic model consists of environments that formed basinward (downdip) of 
the shelf edge, where growth faulting was minimal and sediments were not displaced to the same degree as those in the 
“Expanded Fault Zone.” Reservoirs in the “Slope and Basin Floor Zone” are expected to be overpressured, with associ-
ated high temperatures. The updip boundary of the “Slope and Basin Floor Zone” for the Frio is the late Oligocene shelf 
margin; the downdip boundary is composed of the State/Federal water boundaries for Texas and Louisiana. There are 
no production data for the Frio in the “Slope and Basin Floor Zone” (based on the minimum field size of 0.5 MMBOE 
in data from NRG Associates, 2006).


5. Five AUs were defined for the Frio Formation; three of the AUs were based on the geologic model, as described above: 
the Frio Stable Shelf Oil and Gas AU, the Frio Expanded Fault Zone Oil and Gas AU, and the Frio Slope and Basin 
Floor Gas AU. The fourth AU, the Hackberry Oil and Gas AU, was based on the occurrence of reservoirs in the Hack-
berry trend, a slope facies in the middle part of the Frio Formation. The fifth AU, the Frio Basin Margin AU, was not 
quantitatively assessed because of the lack of data indicating potential for production in updip areas near the outcrop of 
the Frio, defined as the updip boundary of the Miocene outcrop. A sixth AU, the Anahuac Oil and Gas AU, was based 
on the occurrence of the Anahuac Formation, which is a transgressive marine shale overlying the Frio that contains 
deltaic and carbonate sediments.


6. Results of the assessment indicate that the total estimated means for undiscovered conventional oil resources, gas 
resources, and natural gas liquids, for all five units quantitatively assessed, are 172 MMBO, 9,384 BCFG, and 
542 MMBNGL, respectively. Of the five units assessed for the Frio and Anahuac Formations, the Frio Slope and Basin 
Floor Gas AU shows the greatest potential for undiscovered gas resources, having an estimated mean of 5,589 BCFG 
and ranging from 11,153 BCFG (F5) to 1,355 BCFG (F95). The Hackberry Oil and Gas AU shows the second highest 
potential for gas of the five units assessed, having an estimated mean of 1,807 BCFG and ranging from 3,365 BCFG 
(F5) to 556 BCFG (F95).
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Appendix 1. Input data for the Frio and Anahuac  
Assessment Units


Downloadable file of data is available online at http://pubs.usgs.gov/of/2013/1257/.
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The Electrical Resistivity Log as an Aid in Determining Some 
Reservoir Characteristics 


By G. E. ARCHIE* 


(Dallas Meeting, October 1941) 


THE usefulness of the electrical resistivity log 
in determining reservoir characteristics is 
governed largely by: (I) the accuracy with 
which the true resistivity of the formation can 
be determined; (2) the scope of detailed data 
concerning the relation of resistivity measure
ments to formation characteristics; (3) the 
available information concerning the conduc
tivity of connate or formation waters; (4) the 
extent of geologic knowledge regarding proba
ble changes in facies within given horizons, both 
vertically and laterally, particularly in relation 
to the resultant effect on the electrical proper
ties of the reservoir. Simple examples are given 
in the following pages to illustrate the use of 
resistivity logs in the solution of some problems 
dealing with oil and gas reservoirs. From the 
available information, it is apparent that much 
care must be exercised in applying to more 
complicated cases the methods suggested. It 
should be remembered that the equations given 
are not precise and represent only approximate 
relationships. It is believed, however, that 
under favorable conditions their application 
falls within useful limits of accuracy. 


INTRODUCTION 


The electrical log has been used exten
sively in a qualitative way to correlate 
formations penetrated by the drill in the 
exploitation of oil and gas reservoirs and 
to provide some indication of reservoir 
content. However, its use in a quantitative 
way has been limited because of various 
factors that tend to obscure the significance 
of the electrical readings obtained. Some 
of these factors are the borehole size, 
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the resistivity of the mud in the borehole, 
the effect of invasion of the mud filtrate 
into the formation, the relation of the 
recorded thickness of beds to electrode 
spacing, the heterogeneity of geologic 
formations, the salinity or conductivity 
of connate water, and, perhaps of greatest 
importance, the lack of data indicating the 
relationship of the resistivity of a formation 
in situ to its character and fluid content. 


On the Gulf Coast it is found that the 
effects of the size of the borehole and the 
mud resistivity are generally of little 
importance, except when dealing with 
high formational resistivities or extremely 
low mud resistivities. Fortunately, little 
practical significance need be attached to 
the exact values of the higher resistivities 
recorded. Low mud resistivities are not 
common, but when this condition is 
encountered it may be corrected by 
replacing the mud column. With' the 
present advanced knowledge of mud 
control, invasion of mud filtrate into 
sands can be minimized, thereby increasing 
the dependability of the electrical log. 
The effect of electrode spacing on the 
recorded thickness of a bed is often subject 
to compensation or can be sufficiently 
accounted for to provide an acceptable 
approximation of the true resistivity of 
the formation. As development of a field 
or area progressively enhances the knowl
edge of the lithologic section, the resistivity 
values of the electrical log take on greater 
significance, ultimately affording accept
able interpretations. The salinity, and 
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therefore the conductivity, of the connate 
water associated with the various produc
ing horizons may be determined with 
sufficient accuracy by the usual sampling 
procedure. 


Determination of the significance of 
the resistivity of a producing formation 
as recorded by the electrical log appears, 
for the present at least, to rest largely 
with the application of empirical relation
ships established in the laboratory between 
certain of the physical properties of a 
reservoir rock and what may be termed 
a formation factor. It should be stressed 
at this point that numerous detailed 
laboratory studies of the physical proper
ties of the formations in relation to the 
electrical measurements in question are 
essential to a reliable solution of the 
problems dealing with reservoir content. 
The purpose of this paper is to present 
some of these laboratory data and to 
suggest their application to quantitative 
studies of the electrical log. It is not in
[ended to attempt to discuss individual 
resistivity curves and their application. 
The disturbing factors (borehole, bed 
thickness, and invasion) are discussed 
briefly only to indicate instances when 
they are not likely to affect the usefulness 
of the observed resistivity. 


RESISTIVITY OF SANDS WHEN PORES ARE 


ENTIRELY FILLED WITH BRINE 


A study of the resistivity of formations 
when all the pores are filled with water 
is of basic importance in the detection of 
oil or gas by the use of an electrical log. 
Unless this value is known, the added 
resistivity due to oil or gas in a formation 
cannot be determined. 


The resistivities of a large number of 
brine-saturated cores from various sand 
formations were determined in the labora
tory; the porosity of the samples ranged 
from 10 to 40 per cent. The salinity of the 
electrolyte filling the pores ranged from 
20,000 to 100,000 milligrams of NaCI 


per liter. The following simple relation 
was found to exist for that range of 
porosities and salinities: 


R. = FR", [I] 


where R. = resistivity of the sand when 
all the pores were filled with brine, R", = 
resistivity of the brine, and F = a "for
mation resistivity factor." 


In Figs. I and 2, F is plotted against 
the permeabilities and porosities, respec
tively, of the samples investigated. The 
data presented in Fig. I were obtained 
from consolidated sandstone cores in 
which the cementing medium consisted 
of various amounts of calcareous as well 
as siliceous materials. The cores had 
essentially the same permeability, parallel 
to and perpendicular to the bedding of 
the layers. All of the cores were from 
producing zones in the Gulf Coast region. 
Cores from the following fields were used: 
Southeast Premont, Tom Graham, Big 
Dome-Hardin, Magnet-Withers, and Sheri
dan, Texas; also La Pice, and Happy town, 
La. Fig. 2 presents similar data obtained 
from cores of a widely different sandstone; 
that is, one that had extremely low per
meability values compared with those 
shown in Fig. I for corresponding porosities. 
These cores were from the Nacatoch 
sand in the Bellevue area, Louisiana. 


From Figs. I and 2 it appears that the 
formation resistivity factor F is a function 
of the type and character of the formation, 
and varies, among other properties, with 
the porosity and permeability of the reser
voir rock; many points depart from the 
average line shown, which represents a 
reasonable relationship. Therefore, indi
vidual determinations from any particular 
core sample may deviate considerably 
from the average. This is particularly 
true for the indicated relationship to 
permeability. Further, although the varia
tion of F with porosity for the two groups 
of data taken from sands of widely different 
character is quite consistent, the effect 
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of variations in permeability on this 
factor is not so evident. Naturally the 
two relationships could not be held to 
apply with equal rigor because of the well 
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ity. Thus, knowing the porosity of the 
sand in question, a fair estimate may be 
made of the proper value to be assigned 
to F, based upon the indicated empirical 
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SOLIDATED SANDSTONE CORES OF THE GULF COAST. 
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FIG. 2.-RELATION OF POROSlTY AND PERMEABILITY TO FORMATION RESISTIVITY FACTOR, NACATOCH 
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established fact that permeability does not 
bear the same relation to porosity in all 
sands. From close inspection of these data, 
and at the present stage of the investiga
tion, it would appear reasonably accurate to 
accept the indicated relationship between 
t he formation resistivity factor and poros-


relationship 
F = 8-m 


or from Eq. I, 


R. = R,.fJ-m 


where 8 is the porosity fraction of the 
sand and m is the slope of the line represent
ing the relationship under discussion. 
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From a study of many groups of data, m 
has been found to range between 1.8 
and 2.0 for consolidated sandstones. For 
clean unconsolidated sands packed in 
the laboratory, the value of m appears 
to be about 1.3. It may be expected, 
then, that the loosely or partly consolidated 
sands of the Gulf Coast might have a 
value of m anywhere between 1.3 and 2. 


RESISTIVITY OF FORMATIONS WHEN PORES 


ARE PARTLY FILLED WITH BRINE, THE 


REMAINING VOIDS BEING FILLED WITH 


OIL OR GAS 


Various investigators-Martin, 1 J ako
sky,2 Wyckoff,3 and Leverett4-have stud
ied the variation in the resistivity of sands 
due to the percentage of water contained 
in the pores. This was done by displacing 
varying amounts of conducting water 
from the water-saturated sand with non
conducting fluid. Fig. 3 shows the relation 
which the various investigators found to 
exist between S (fraction of the voids 
filled with water) and R (the resulting 
resistivity of the sand) plotted on loga
rithmic coordinates. For water saturations 
down to about 0.15 or 0.20, the following 
approximate equation applies: 


1 


S= (~y or R = R.s-" [4] 


For clean unconsolidated sand and for 
consolidated sands, the value of n appears 
to be close to 2, so an approximate relation 
can be written: 


S=~ [51 


or from Eq. I, 


S = ~F;w [61 


Since in the laboratory extremely short 
intervals of time were allowed for the 
establishment of the equilibrium conditions 
compared with underground reservoirs, 
there is a possibility that the manner in 


I References are at the end of the paper. 


which the oil or gas is distributed in the 
pores may be so different that these 
relations derived in the laboratory might 
not apply underground. 
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Legend and Data 


Salinity 
Oil Porosity Investi- Type of Water. 


Grams or Frac-gator Sand NaCI per Gas tion 
Liter 


--- --- ---
Wyckoff Various CO. Various 
Leverett Uncons. 8 approx. Oil 0·40 
Martin Cores 130 Oil 0.20 and 


0.45(?) 
--I Jakosky Friable 29 approx. Oil 0.23 


Considerable encouragement on this 
point is established, however. For example, 
Eq. 4 appears to hold even though gas or 
oil is the nonconducting phase. Each 
probably assumes a different distribution 
in the pores, yet the resulting resistivity 
is not appreciably changed. Also, no great 
change is found in the average relation 
between the formation resistivity factor 
and porosity for changes in types of con
solidated sandstones. This indicates that 
even though the oil or gas underground 
may fill the pore space in a different 
manner from that in the short-time 
laboratory experiments, the relationship 
expressed by Eq. 4 should apply equally 
well underground. 


BASIC RESISTIVITY VALUES TO BE OBTAINEE 


IN ESTIMATING FLUID CONTENT OF A SANE 


The foregoing discussion indicates that 
the basic values to be obtained are: (I) tht 
resistivity of the sand in question under· 


D
ow


nloaded from
 http://onepetro.org/trans/article-pdf/146/01/54/2179020/spe-942054-g.pdf/1 by guest on 03 February 2021







58 ELECTRICAL RESISTIVITY LOG AND RESERVOIR CHARACTERISTICS 


ground (R), and (2) the resistivity of the 
same sand when its pores are entirely 
filled with connate water (R.). 


The first value can be obtained from the 
electrical log when all factors can be 
properly weighed. The latter may also be 
obtained from the log when a log is avail
able on the same horizon where it is entirely 
water-bearing. Of course, this is true only 
when the sand conditions, particularly por
osity, are the same as at the point in ques
tion and when the salinity of the connate 
or formation water throughout the horizon 
is the same. 


In a water-drive reservoir, or any 
reservoir where the connate water is in 
direct contact with the bottom or edge 
water, there should be no appreciable 
difference in the salinities through the 
horizon, at least within the limits set forth 
for the operation of Eqs. 1 and 4; that is, 
when the salinity of the connate water 
is over 20,000 mg. NaCl per liter and the 
connate water is over 0.15. In depletion
type reservoirs, or when connate water 
is not in direct contact with bottom or 
edge water, special means may have to 
be devised to ascertain the salinity of the 
connate water. 


When it is not possible to obtain R. 
in the manner described above, the value 
can be approximated from Eq. 3, () and m 
having been determined by core analyses 
and R .. by regular analyses. 


CALCULATION OF CONNATE WATER, POROS


lTY AND SALINITY OF FORMATION WATER 


FROM THE ELECTRICAL LOG 


The resistivity scale used by the electrical 
logging companies is calculated assuming 
the electrodes to be points in a homo
geneous bed. 5 Therefore, the values re
corded must be corrected for the presence 
of the borehole, thickness of the layers 
in relation to the electrode spacing, and 
any other condition different from the 
ideal assumptions used in calculating the 
scale. 


Consider a borehole penetrating a 
large homogeneous layer, in which case 
the electrode spacing is small in comparison 
with the thickness of the layer. If the 
resistivity of the mud in the hole is the 
same as the resistivity of the layer, there 
will be, of course, no correction for the 
effect of the borehole. If the resistivity 
of the mud differs from the resistivity of 
the layer, there will be a correction. 
Table 1 shows approximately how the 
presence of the borehole changes the 
observed resistivity for various conditions. 
The third curve, or long normal, of the 
Gulf Coast is considered because this 
arrangement of electrodes gives very 
nearly a symmetrical picture on passing 
a resistive layer and has sufficient pene
tration in most instances to be little 
affected by invasion when the filtrate 
properties of the mud are suitable. 


TABLE I.-E.ffect of Borehole on Infinitely 
Large Homogeneous Formation 


Observed Resisttvity on ffiectric Log 
In an 8-in. In a Is-in. 
Borehole Borehole 


True Resisti vity of ~~~tf:iilol; Resistivity Mud in Hole 
of Formation, (at Bottom-hole (at Bottom-hole 


Meter-ohms Temperature) of Temperature) of 


0·5 1.5 0·5 1.5 
Meter- Meter- Meter- Meter-
ohms ohms ohms ohms --- ------


0.5 0·5 0·5 0·5 0·5 
I I I I I 


5 6 5 5 5 
10 I. II I II 


II 
50 65 65 50 55 


The values in Table I have been cal
culated assuming a point potential "pick
up" electrode 3 ft. away from a point 
source of current, other electrodes assumed 
to be at infinity, and it has been found 
that the table checks reasonably well 
with field observations. Checks were 
made by: (I) measuring the resistivity of 
shale and other cores whose fluid content 
does not change during the coring operation 
and extraction from the well; (2) measuring 
the resistivity of porous cores from water
bearing formations after these cores were 
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resaturated with the original formation 
water. Adjustment due to temperature 
difference, of course, is necessary before 
the laboratory measurement is compared 
with the field measurement. 


TABLE 2.-EiJect of Formation Thickness, 
No Borehole Present 


True Resistivity Observed Resistivity 


Layer between Large Thickness of Layer 
Shale Bodies Having 


Resistivity of 1.0 
24 Ft. 16 Ft. 8 Ft. Meter-ohms 
--- ------


1 1 I 1 


5 5 5 3 
10 10 9 6 
20 20 19 II 


The correction at the higher resistivities 
appears to be appreciable. However, 
in the Gulf Coast when the value of R. 
is low the correction is not so important. 
For example, assume a friable oil sand 
whose true resistivity is 50 meter-ohms 
and whose resistivity when entirely water
bearing is 0.50 meter-ohms; the connate 
water would occupy about 0.10 of the 
pore volume CEq. 5). However, if the 
observed value on the log, 65 meter
ohms, were used without correcting for 
the borehole, the connate water would be 
calculated to occupy 0.09 of the pore 
volume. Therefore, although the effect 
of the borehole size and mud resistivity 
on the observed resistivity readings may 
be appreciable, the resultant effect on 
the calculated connate-water content of 
the sand is not important. 


When the thickness of the formation 
is very large in comparison with the 
electrode spacing, there will, of course, be 
no correction to make for the thickness 
of the layer. However, when the thickness 
of the formation approaches the electrode 
spacing, the observed resistivity may be 
very different from the true value. Table 2 


shows approximately what the third curve 
(long normal) of the Gulf Coast would 
read for certain bed thicknesses and resis-


tivities. I(is assumed that large shale bodies 
are present above and below the beds, at 
the same time neglecting the presence of 
the borehole and again assuming point 
electrodes. 


Resistivity • meter· ohms 


O~~~IO~;;:;;;;~200 
-~~~----;-~--,--~3480 


--~~-----+-Q-_+--__I3500 


---r=-------I----.O~"i='......,......d. 3520 
NormOiI curve, 


-+-------+-~_++._-__I3540 
~'i. 


~ 
-~-~----~_+-~~m~~'--~3560 


Long normal ". 't'~) 
curve --~~~::~~~, $'; 


-----(;=---------+--"~~=---I3580 


=-----+-;;;~==l3600 


-;-------+7' .. "-r"'-=--t--------l36Z0 


--------'-----'-------'3640 
FIG. 4.-ELECTRICAL LOG OF AN EAST TEXAS 


WELL. 
Diameter of hole, i% in.; mud resistivity, 


3.4 at 85°F.; bottom-hole temperature, approxi
mately 13SoF. 


Tables I and 2 assume ideal conditions, 
so if the sand is not uniform, or if invasion 
affects the third curve, the observed re
sistivity values may deviate farther from 
the true value. The magnitude of the 
influencing factors, of course, willlim,it the 
usefulness of the observed resistivity value 
recorded on the log. Invasion of the mud 
filtrate is probably the most serious factor; 
however, as previously mentioned, it can 
often be controlled by conditioning the 
mud flush for low filtrate loss. 


Fig. 4 shows a log of an East Texas well. 
The observed resistivity on the long normal 
curve for the interval 3530 to 3560 ft. is 
62 meter-ohms, or, from Table I, approxi
mately 50 meter· ohms after correcting for 
the borehole. In this instance the mud 
resistivity at the bottom-hole temperature 
of 135°F. is approximately 2.2 meter-ohms. 
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The interval is thick enough so that there 
should be no appreciable effect due to 
electrode spacing. The formation is more or 
less a clean friable sandstone, so Eq. 5 can 


Resistivity. 
meter-ohms 


Self-pofenf/al 0 5 10 
--':""--:;}---.+--r---,4040 


---I 25 J+-t 
mv. 


---j----jr---4li:-t"-- 4060 


-*=------+-"Zlrt---14080 
Normal curve- --> I 


FIG. 5.-ELECTRICAL LOG OF A SAND IN EAST 
WHITE. POINT FIELD, TEXAS. 


Diameter of hole, 7% in.; mud resistivity, 
1.7 at 80°F.; bottom-hole temperature, 138°F. 


be used to approximate the connate-water 
content. The formation resistivity factor 
for this sand is approximately IS, using 
Eq. 2 where 8 = 0.25 and m = 1.8. The 
resistivity of the formation water by actual 
measurement is 0.075 meter-ohms at a 
bottom-hole temperature of 135°F. There
fore, from Eq. I, R. for this sand is 
IS X 0.075 = 1.1 meter-ohms. This value 
checks reasonably well with the value 
recorded at 3623 to 3638 ft. on this log as 
well as on the many logs from this pool 
where the Woodbine sand is water-bearing; 
i.e., 0.9 to 1.5 meter-ohms. The close check 
obtained between the calculated and re
corded resistivity of the water sand indi
cates that invasion is not seriously affecting 
the third curve. Solving Eq. 5, the connate 
water of the zone 3530 to 3560 ft. occupies 


a.pproximately § = 0.15 of the pore 
'\j50 


volume. The accepted value assigned for 
the connate-water content of the East 
Texas reservoir is 17 per cent. 


An electrical log of a sand in the East 
White Point field, Texas, is shown in Fig. 5. 
The observed resistivity at 4075 ft. is 
approximately 5 meter-ohms. The value of 
F for this sand by laboratory determination 
is 6. The sand is loosely consolidated, hav
ing 32 per cent porosity average. The 
resistivity of the formation water by direct 
measurement is 0.063 meter-ohms at the 
bottom-hole temperature of 138°F. There
fore, R. = 6 X 0.063 or 0.38 meter-ohms. 
This checks well with the value obtained 
by the electrical log between the depths of 
4100 and 4120 ft., which is 0.40 (see 
amplified third curve). Therefore, invasion 
probably is not seriously affecting the 
third curve. From Tables I and 2 it appears 
that the borehole and electrode spacing do 
not seriously aff~ct the observed resistivity 
at 4075 ft. The connate water is approxi-


~0'38 mately --, or 0.27. 
5.0 


Other uses of the empirical relations may 
have occurred to the reader. One would be 
the possibility of approximating the maxi
mum resistivity that the invaded zone 
could reach (wh!!n formation water has a 
greater salinity than borehole mud) by 
Eq. I, where R", would now be the resistiv
ity of the mud filtrate at the temperature of 
the formation and F the resistivity factor 
of the formation near the borehole. By 
knowing the maximum value of resistivity 
that the invaded zone could reach, the 
limits of usefulness of the log could be 
better judged. For example, assume that a 
porous sand having an F factor of less than 
IS was under consideration. If the mud 
filtrate resistivity were 0.5 meter-ohms, the 
resistivity of the invaded zone, if com
pletely flushed, would be IS X 0·5 = 7.5. 
Thus the observed resistivity values of this 
sand up to approximately 7.5 meter-ohms 
could be due to invasion. 
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DISCUSSION 


(H. F. Beardmore presiding) 


S. W. WILCOX,* Tulsa, Okla.-This paper 
recalls some of my own observations on the 
correlation of the electrical resistance of earth 
materials with their other physical properties. 
While Geophysical Engineer for the Depart
ment of Highways, of the State of Minnesota, 
from 1933 until 1936, I was primarily engaged 
in conducting earth-resistivity surveys pros
pecting for and exploring sand and gravel 
deposits. This work was done by two field 
parties using equipment of the Gish-Rooney 
type, and was carried out in every part of the 
state, both winter and summer. 


In brief, when a sand or gravel prospect was 
discovered, in any way, it was detailed by the 
·resistivity survey to outline its extent and to 
locate test holes for field and laboratory sample 
analysis. This survey consisted of a grid of 
"steptraverses" of one or more electrode 
separations, and for each an "iso-ohm," or 
equal resistance contour plan map, was drawn. 


Several thousand earth-resistivity readings 
were taken over more than one hundred 
prospects. In some instances the test pitting 
was started before the completion of electrical 
survey and their findings were soon available 
for checking any suspected correlation theory 
and confirming what subsurface factors were 
being measured and how effectively. 


From accepted earth-resistivity theory, it 
follows that within a definite sphere surround-


* Seismograph Service Corporation. 


ing tl,le electrodes the apparent resistance 
measurement is uniquely determined from the 
specific resistance and position of each and all 
of the particles making up the sphere. Any 
rational interpretation of these apparent resist
ance measurements is possible only for the 
simplest combinations of particles and their 
specific resistances. Fortunately, soils, sub
soils and subsurface rocks, with their embodied 
fluids and gases, vary greatly in this property 
among themselves. For example, clay appears 
to have an average specific resistance of 
approximately 50 to. 150 foot-ohms, whereas 
for sand and gravel the specific resistance is 
roughly from 2000 to 5000 foot-ohms. The 
important feature is the great absolute differ
ences in resistance, consequently a resistance 
profile across a buried lens of sand or gravel sur
rounded by clay produces a striking response. 


In spite of the amount of control available 
and the freedom for selecting various electrode 
intervals, no reliable quantitative predictions 
could be made that were not related to bound
ary surfaces. The probable depth to the first 
discontinuity-namely, the clay-sand contact 
-could be determined fairly accurately if the 
thickness of the sand body was considerable. 
When the depth to the sand was known from 
independent data, or could be assumed to be 
constant, it was possible to predict its thick
ness. If both were known, a good guess might 
be made regarding the depth to the water· 
table; and, in addition, if all these were known, 
a surmise could be made about the quality of 
the sand; i.e., whether it contained organic 
material or was weathered. Perhaps if the 
degrees of control were sufficient the porosity of 
the sand, its grain size, or even its temperature 
might be predicted. 


I observed that few of these variables, even 
the ones that generally contribute to the bulk 
of the readings, could be quantitatively 
separated without additional independent data; 
therefore my interpretation was necessarily 
empirical and based on experience. Fortun
ately, in sand and gravel prospecting the 
economically most important factors contribute 
their effects in the same direction. A high 
apparent resistance indicates either a thin body 
of highly resistant gravel near the surface, or a 
thicker one overlain with more clay stripping. 
Clean gravel is more resistant than weathered, 
and hard gravel more so than soft. 
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In practical terms, I found that an apparent 
resistance reading of 500 foot-ohms for a 
20-ft. electrode separation recorded over 
ground or glacial moraines of southern Minne
sota reliably suggested a deposit of sand or 
gravel worth further investigation. As a matter 
of record, prospecting in the part of the state 
where these materials are very scarce, less than 
3 per cent of the test holes located on the 
geophysical information failed to yield granular 
materials of commercial quality and quantity 
for at least highway subgrade treatment. 
Varying the electrode interval gave additional 
confirmation as to the thickness of the deposit 
and very little else. 


In connection with our field work, we made 
extensive laboratory studies, attempting to 
work out the relation between the moisture 
content of sand and gravel and its specific 
resistance. These apparently simple eXlleri
ments were not of much help in clearing up my 
field interpretations. Several variables were 
very hard to control in the laboratory. 


The analogy between this type of earth
resistivity mapping and electrologging is close. 
The first measures electrical impedance along a 
surface generally parallel to the bedding planes; 
the latter, up a borehole more or less perpen
dicular to them. The same general limitations 
and possibilities appear to be common to both 
methods. Obviously, controls for checking are 
easier to obtain for plan mapping than for 
well logging within the depth of effective 
penetration. 


My interpretation problems appeared to be 
essentially similar to those of electrical well 
logging where the operator, after observing 
the character of the resistance and the self
potential curves, tells his client whether pipe 
should be set. The accuracy of his prediction is 
based largely on experience and not on slide
rule calculations. 


Mr. Archie's paper suggests an experimental 
attack for expanding and improving the 
interpretation technique of electrical well 
Jogging. Any contribution of this nature that 
increases its effectiveness is of great value to 
the petroleum industry. I offer my own experi
ences and observations to emphasize that he 
has tackled a difficult research problem and 
wish him luck. 


Dr. A. G. LOOMIS, * Emeryville, Calif.··-In 
the laboratory, we take into account the varia
tions in measured resistivities of sands and tap 
water by finding out the cause of the variations 
in resistivity. That is, if the tap water itself 
varied from day to day, its electrolyte content 
must vary from day to day and chemical 
analysis would indicate the change. If sands 
did not give consistent resistivity readings, the 
character of the sands (in other words, the 
formation resistivity factor) probably changed 
or the kind and amount of water contained in 
the sand must have varied. 


* Shell Development Co. 
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STRATIGRAPHIC AND HYDROGEOLOGIC FRAMEWORK 
OF PART OF THE COASTAL PLAIN OF TEXAS


By


E. T. Baker, Jr.


ABSTRACT


The subsurface delineation of hydrogeologic units of Miocene and younger 
age and stratigraphic units of Paleocene to Holocene age establishes an 
interrelationship of these units Statewide across much of the Coastal Plain 
of Texas. The 11 dip sections and 1 strike section, which extend from the 
land surface to 7,600 feet (2,316 meters) below sea level, provide continuity 
of correlation from the outcrop to the relatively deep subsurface. Sand 
containing water with less than 3,000 milligrams per liter of dissolved solids, 
which is shown on the sections, serves as an index of water availability 
of this quality.
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INTRODUCTION


This report has been prepared to illustrate the stratigraphic and 
hydrogeologic framework of a part of the Coastal Plain of Texas from the 
Sabine River to the Rio Grande. It is the outgrowth of a project that has 
as its ultimate objective the construction of a digital ground-water flow 
model, if feasible or desirable, of at least a part of the Miocene aquifers 
in the Gulf Coastal Plain of Texas. The model would serve as a tool for 
planning the development of the ground-water supplies. Work on the project 
is being done by the U.S. Geological Survey in cooperation with the Texas 
Water Development Board.


During the course of delineating the Miocene aquifers, which is basic 
to the design and development of the model, the scope of the study was 
broadened to include delineations of other hydrogeologic units, as well 
as delineations of stratigraphic units. As a result, units ranging in age 
from Paleocene to Holocene were delineated (table 1). A relationship of 
stratigraphic units to designated hydrogeologic units was thus established 
Statewide.


Eleven dip sections and one strike section are included in this report. 
The dip sections are spaced about 50 miles (80 km) apart with the most 
easterly one being near the Sabine River and the most southerly one being 
near the Rio Grande. Each dip section is about 100 miles (161 km) long and 
extends from near the coastline to short distances inland from the outcrop 
of the oldest Miocene formation--the Catahoula Tuff or Sandstone. The strike 
section, which is about 500 miles (804 km) long (in three segments), extends 
from the Sabine River to the Rio Grande and joins the dip sections at common 
control points. This section is from 50-75 miles (80-121 km) inland from 
the Gulf of Mexico and is essentially parallel to the coastline. The loca 
tion of the sections and the Catahoula outcrop are shown on figure 1.


The sections extend from outcrops at the land surface to maximum depths 
of 7,600 feet (2,316 m) below sea level. Selected faunal occurrences, where 
known or inferred by correlation from nearby well logs, are included. 
The extent of sand that contains water having less than 3,000 mg/L (milligrams 
per liter) of dissolved solids was estimated from the electrical characteris 
tics shown by the logs. This information is included on all of the sections.


Although faulting is common in the Coastal Plain and is complex in 
some areas, all faults have been omitted from the sections to maintain 
continuity of the stratigraphic and hydrogeologic boundaries. The disad 
vantage of such omission is, of course, the representation of an unrealistic 
and simplistic picture of unbroken stata with uninterrupted boundaries. In 
reality, many of the faults have not only broken the hydraulic continuity of 
the strata but more importantly have become barriers to fluid flow or conduits 
for cross-formational flow. The sections are presented in this report as 
figures 2-15.
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Metric Conversions


For those readers interested in using the metric system, the metric 
equivalents of English units of measurements are given in parentheses. 
The English units used in this report have been converted to metric units 
by the following factors:


_______From____________ Multiply ________To obtain_________
Unit Abbrevi- by Unit Abbrevi- 


___________at ion___________________________________at ion


feet -- 0.3048 meters m 


miles -- 1.609 kilometers km
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STRATIGRAPHIC FRAMEWORK 
General Features of Deposition and Correlation Problems


Cenozoic sediments that underlie the Coastal Plain of Texas are tens 
of thousands of feet thick at the coastline. These clastic sediments of 
sand, silt, and clay represent depositional environments ranging from non- 
marine at the outcrops of most units to marine where the units may carry 
a distinctive suite of fossils. Oscillations of ancient seas and changes 
in amount and source of sediments that were deposited caused facies changes 
downdip and along strike. For example, a time-stratigraphic unit having age 
equivalency may consist of sand in one area, sandy clay in a second area, 
and clay in a third area. Subsidence of the basin of deposition and rising 
of the land surface caused the stratigraphic units to thicken Gulfward. 
Growth faults (faults that were more or less continuously active) greatly 
increased the thickness of some stratigraphic units in short distances. 
All of these factors contributed to the heterogeneity of the units from 
place to place, which in turn makes correlation difficult.


Stratigraphic Units


In the discussion to follow, emphasis will be placed on stratigraphic 
units that are designated in this report as Miocene in age. Many of the 
correlation problems of the Cenozoic deposits involve these units to a large 
degree. Also the main thrust of this report is directed at the Miocene in 
keeping with the ultimate objective of modeling the flow in the Miocene 
aquifers.


The stratigraphic nomenclature used in this report was determined from 
several sources and may not necessarily follow the usage of the U.S. Geologi 
cal Survey.


Pre-Miocene


Delineation of most of the pre-Miocene units of Cenozoic age present 
relatively few problems of significance. This is especially true of the 
pre-Jackson units (Midway Group to Yegua Formation). The top of the Car- 
rizo Sand of the Claiborne Group (included with the underlying Wilcox Group 
on the sections) can be easily delineated, which makes the position of the 
unit unmistakable in the subsurface. From about the Sabine River to the 
San Marcos Arch (section F-F 1 , fig. 7, is centered over this structural 
feature) the top of the Carrizo-Wilcox is about 3,000 feet (914 m) beneath 
the landward edge of the Catahoula outcrop. Southward from the San Marcos 
Arch into the Rio Grande Embayment of south Texas, its position steadily 
increases in depth to more than 7,000 feet (2,134 m) at the western end of 
section K-K' (fig. 12).
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Facies changes occur downdip in the Sparta and Queen City Sands of 
the Claiborne Group, and where these units grade into clay, delineation on 
a time-stratigraphic basis is virtually impossible from electrical-log 
interpretation. The same problem affects the Yegua Formation of the Claiborne 
Group, although the Yegua remains sandy for greater distances downdip. It 
can be delineated by lithology on most of the sections in this report. Also, 
the presence of important fauna1 markers such as Nonionella cockfieldensis 
and Ceratobulimina eximia aid in locating the approximate top and base, 
respectively, of the Yegua, regardless of its lithology.


The delineation of the Jackson Group is significant in establishing 
the framework for the Miocene units. This is because the outcropping Frio 
Clay of Oligocene(?) age of south Texas is completely overlapped in Live 
Oak County by the Miocene Catahoula (or is not recognized on the surface 
east of this area). The overlap places the Catahoula in contact with part 
of the Whitsett Formation, the uppermost formation of the Jackson Group in 
this area. East of the overlap to the Sabine River, careful attention was 
required to properly separate on the sections the tuffaceous sand and clay 
interbeds of the Whitsett from the tuffaceous sand and clay interbeds of 
the overlying Catahoula. From Live Oak County southward, the outcropping 
Frio Clay separates the Whitsett Formation from the Catahoula Tuff.


The age of the Whitsett, although shown in table 1 as Eocene in south- 
central Texas, may be at least in part Oligocene in the eastern part of the 
State. Eargle, Dickinson, and Davis (1975) consider the Whitsett to be 
Eocene at least from central Karnes County to southern McMullen County. 
Barnes (1975) likewise considers the Whitsett to be unquestionably Eocene 
no farther east than central Karnes County. From this area to the Sabine 
River, Dr. V. E. Barnes (written commun., Apr. 5, 1971) states that the 
Whitsett may "climb timewise eastward" and be largely Oligocene in east 
Texas; that the Nash Creek Formation of Louisiana, which is considered to 
be largely Oligocene, is equivalent to the Whitsett as mapped in Texas near 
the Sabine River; and the Oligocene vertebrates, which Dr. J. A. Wilson 
(Dept. of Geologic Sciences, University of Texas at Austin) collected from 
the Whitsett in Washington County, show that this formation is at least part 
Oligocene at that site. Because of the probability that the Whitsett is 
Oligocene, in part or in whole in much of the area, the delineation of the 
Eocene Jackson Group is shown on the sections to include the Whitsett 
Formation.
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The Frio Clay of Oligocene(?) age has been a controversial unit for 
decades. Geologists still do not agree on its subsurface equivalents or if 
it is even a separate stratigraphic unit from the Catahoula. The fact that 
many geologists have mapped the unit from Live Oak County to the Rio Grande 
lends support to the existence of the Frio Clay as a formation. The Geologic 
Atlas of Texas (Barnes, 1976a,b,c) shows that the Frio is mapped separately 
as a distinct formation from its overlap in Live Oak County to southern 
Webb County; from there to the Rio Grande, the Frio is undifferentiated from 
the Catahoula. The Frio outcrop that was used for control at the surface 
on the dip sections H-H 1 to K-K' (figs. 9-12) was modified from Darton, 
Stephenson, and Gardner (1937) and from Barnes (1976a,b,c). East of the 
overlap in Live Oak County the Frio is presumed to be present in the shallow 
subsurface beneath the Catahoula with the erosional edge probably only a 
few miles downdip from the edge of the Catahoula outcrop.


The Frio Clay at the surface has been interpreted by the author to be, 
at least in part, the nonmarine time-equivalent of the subsurface Vicksburg 
Group--a marine biostratigraphic unit of Oligocene age that crops out east 
of the Sabine River and is characterized by the foraminifer Textularia 
warreni. The relationship is supported by Deussen and Owen (1939, p. 1630) 
and by the Houston Geological Society (1954). The Vicksburg equivalent east 
of Karnes County may also be at least a partial time-equivalent of the Whit- 
sett, whose probable Oligocene age in this area may, in itself, indicate an 
equivalency. Ellisor (1944, fig. 1, and p. 1365) supports this probability 
and illustrates the relationship in a geologic section. Additionally, this 
probability is supported by the apparent correlation of the outcrop of the 
Vicksburg Group in Louisiana near the Sabine River as shown on the geologic 
map of Louisiana (Wallace, 1946) with the outcrop of the Whitsett Formation 
as shown on the Geologic Atlas of Texas (Barnes, 1968b). This relationship 
may be inferred on the dip sections from A-A* to at least F-F 1 (figs. 2-7) 
where the Vicksburg equivalent, if projected to the outcrop, would intersect 
the outcropping Whitsett.


Miocene


The stratigraphic framework of the units that are designated in this 
report as Miocene in age is complex and controversial, perhaps more so than 
any other Cenozoic units. Geologists do not agree which units on the sur 
face or in the subsurface are Miocene nor do they agree as to the relation 
ship of the surface and subsurface units. The correct relationship may never 
be determined because faunal markers, which exist in places in the subsur 
face, do not extend to the outcrop; and the heterogeneity of the sediments 
does not facilitate electrical-log correlations.


The outcropping stratigraphic units that are assigned to the Miocene 
in this report are, from oldest to youngest, the Catahoula Tuff or Sand 
stone, Oakville Sandstone, and Fleming Formation. The "Frio" Formation, 
Anahuac Formation, and a unit that is referred to in this report as the upper 
part of the Catahoula Tuff or Sandstone are assigned by the author as possi 
ble downdip equivalents of the surface Catahoula although the Anahuac and 
"Frio" Formations may be Oligocene in age. Table 1 and the dip sections 
(figs. 2-12) illustrate this relationship.
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The outcrop of the Catahoula, a pyroclastic and tuffaceous unit, has 
been mapped independently by various geologists with little modification 
from the Sabine River to the Rio Grande. Darton, Stephenson, and Gardner 
(1937) modified the unit's name from Catahoula Tuff to Catahoula Sandstone 
east of Lavaca County where the formation becomes more sandy.


It may be seen on the sections that the thickness of the surface Cata 
houla increases downdip at a large rate in the subsurface to eventually 
include, when the Anahuac Formation is reached, the "Frio" Formation which 
underlies the Anahuac, the Anahuac, and the upper Catahoula unit. Deussen 
and Owen (1939, figs. 5, 6, p. 1632, and table 1), in a study of the surface 
and subsurface formations in two typical sections of the Texas Coastal Plain 
(one in east Texas, the other in south Texas) agree with this relationship. 
They disagree, however, with these units being Miocene and assign them to 
the Oligocene. Some oil-company geologists consider the Anahuac and "Frio" 
as separate formations (unrelated to the Catahoula) in the subsurface and 
also assign them to the Oligocene. As a consequence of this usage, the upper 
Catahoula unit of this report is then usually referred to as "Miocene," 
which term is used instead of, or interchangeably with, Fleming. Holcomb 
(1964, fig. 2) in a study of the subsurface "Frio" Formation of south Texas 
places the "Frio" and Anahuac Formations, as well as the surface Catahoula 
in the Miocene, but does not admit to any Catahoula occurring above the 
Anahuac. He indicates that the "Fleming Formation" (Oakville Sandstone and 
Fleming Formation of this report) rests on the Anahuac. Dip sections, espe 
cially F-F 1 , G-G 1 , and H-H' (figs. 7-9), show unmistakably that the Catahoula- 
Oakville contact on the surface can be accurately traced far enough downdip 
by means of electrical logs to show that the clearly discernible contact is 
several hundred feet above the Anahuac. For this reason, the upper Catahoula 
unit above the Anahuac cannot be the Oakville. This contention is supported 
by Meyer (1939, p. 173) and by Lang and others (1950, plate 1).


The Anahuac Formation, despite the controversial attention it receives, 
is one of the most discernible formations in the subsurface. This marine 
biostratigraphic unit carries a rich microfauna of many tens of diagnostic 
species. These species are categorized into the Discorbis zone, Heterostegina 
zone, and Marginulina zone, from youngest to oldest. Only a few of the 
diagnostic species (table 1) are included with the dip sections in this 
report. The updip limit of the marine facies of the Anahuac ranges in depth 
from about 2,500 feet (762 m) below land surface in east Texas to about 4,000 
feet (1,219 m) in the Rio Grande Embayment in south Texas. The unit is quite 
sandy south of San Patricio County (south of section H-H', fig. 9) to the 
Rio Grande in contrast to its shaly character eastward from San Patricio 
County to the Sabine River.


The Oakville Sandstone and Fleming Formation are composed almost entirely 
of terrigenous clastic sediments that form sand and clay interbeds. Both 
formations are basically rock-stratigraphic units that are distinguished 
and delineated on the basis of lithologic characteristics. Their boundaries 
in the Coastal Plain of Texas are discernible contacts in some areas and 
arbitrary ones within zones of lithologic gradation in other areas.
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The Oakville Sandstone is most prominent on the surface and in the 
subsurface in the central part of the Coastal Plain. Here its predominantly 
sandy character is distinguished from the underlying tuffaceous Catahoula 
and overlying Fleming, which is composed of clay and slightly subordinate 
amounts of sand.


The Oakville on the surface has been mapped as a formation from about 
the Brazos River at the Washington-Grimes County line to central Duval 
County, where its outcrop is overlapped by the Goliad Sand and remains over 
lapped to the Rio Grande. Beneath this overlap, the Oakville apparently 
decreases in thickness or loses its predominance of sand or both. In either 
case, its position in the shallow subsurface in parts of the Rio Grande Embay- 
ment is questionable on dip sections I-I 1 and K-K 1 (figs. 10, 12). In the 
vicinity of the Brazos River, the Oakville grades eastward into the base of 
the Fleming Formation and loses its identity. The position of the base of 
the Oakville in the deeper parts of the subsurface has been delineated on 
some of the sections merely as an approximation.


The Fleming Formation, the uppermost unit of Miocene age in the Coastal 
Plain, has been mapped on the surface in Texas from the Sabine River to 
central Duval County. From here, like the Oakville, it is overlapped by 
the Goliad Sand and remains beneath the Goliad to the Rio Grande.


The Fleming is lithologically similar to the Oakville but can be easily 
separated from the Oakville in some places by its greater proportion of 
clay. Plummer (1932, p. 744, 747) described the Lagarto as consisting of 
75 percent marl or clay, 15 percent sand, and 10 percent silt, with the 
clay beds being thicker and more massive and the sand beds being thinner and 
less massive than those of the Oakville. This description is reasonably 
accurate in some areas of the outcrop and shallow subsurface where the 
Fleming is separated from the Oakville. (See sections I-I 1 , J-J 1 , and L-L 1 , 
figs. 10, 11, and 13.) In other areas, the Fleming on the outcrop and in 
the shallow subsurface contains a ratio of sand to clay that approximates 
that of the Oakville. Where the Fleming Formation is not separated from the 
Oakville and directly overlies the Catahoula, from about Grimes County to 
the Sabine River, the percentage of sand in the formation increases eastward. 
In Jasper and Newton Counties, the amount of sand in the section above the base 
of the Fleming greatly exceeds the amount of clay. This can be seen in wells 
30 and 31 on strike section L"-L"' (fig. 15).


Delineation of the base of the Fleming from the surface to the deep 
subsurface has not been attempted on most of the sections because of complex 
facies changes. In southeast Texas on sections A-A 1 , B-B 1 , and C-C* (figs. 
2-4) an approximate base of the Fleming is shown downdip to short distances 
beyond the pinchout of the Anahuac. The preponderance of sand above the 
Anahuac in this area, however, makes any delineation on the basis of elec 
trical logs speculative. Deep wells near the coastline penetrate marine 
facies of the Fleming which carry a diagnostic fauna. Numerous species, 
which serve to identify the formation, have been described by Rainwater (1964). 
Potamides matsoni, Amphistegina sp., Bigenerina humblei, and Bigenerina 
nodosaria var. directa are faunal markers indicated on some of the sections.
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Post-Miocene


Delineation of the stratigraphic units of Pliocene, Pleistocene, and 
Holocene age has not been attempted. Correlation problems with most of these 
stratigraphic units are too numerous to solve by using only electrical logs. 
Delineation of the Pleistocene units--Willis Sand, Bentley Formation, Mont 
gomery Formation, and Beaumont Clay--is exceedingly difficult due to the litho- 
logic similarity of the sediments and lack of paleontological control. The 
contact at the surface of the basal Quaternary with the Goliad Sand or older 
units is, however, shown on the dip sections.


The Goliad Sand of Pliocene age overlies the Miocene units in the deep 
subsurface as well as in places on the surface. Except for a few isolated 
outcrops, it is otherwise entirely overlapped on the surface east of Lavaca 
County by Pleistocene deposits. Its inland extent beneath the overlap is 
presumed to be only several miles southeast from the most downdip exposures 
of the Fleming Formation. From Lavaca County to the Rio Grande, the width 
of the Goliad outcrop gradually increases because the Goliad progressively 
overlaps older units in the Rio Grande Embayment of south Texas.


The Goliad Sand can usually be identified on the surface and in the 
subsurface by a preponderance of sand except in the far eastern part of 
the State where sand predominates from the base of the Miocene to the sur 
face. In this area, the identity of the Goliad cannot be established with 
certainty. Delineation of the base of the Goliad has been made, where out 
crop control is available, on the strike and dip sections west of Colorado 
County. The base of the Goliad has been approximated at about 2,200 feet 
(671 m) below sea level near the coastline on sections I-I 1 and J-J 1 (figs. 
10, 11).


HYDROGEOLOGIC FRAMEWORK


The following discussion is restricted to the hydrogeologic framework 
of five units--Catahoula confining system (restricted), Jasper aquifer, 
Burkeville confining system, Evangeline aquifer, and Chicot aquifer. A 
discussion of other hydrologic units of Cenozoic age is beyond the purpose 
and scope of this report.


The quality of the ground water that is indicated on the sections to 
be less than 3,000 mg/L of dissolved solids is referred to in this report 
as fresh to slightly saline water. This terminology follows the classifi 
cation of Winslow and Kister (1956).
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Catahoula Confining System (Restricted)


The Catahoula confining system (restricted) is treated in this report 
as a quasi-hydrologic unit with different boundaries in some areas than the 
stratigraphic unit of the same name. Its top (base of the Jasper aquifer) 
is delineated along lithologic boundaries that are time-stratigraphic in 
some places but that transgress time lines in other places. Its base, which 
coincides with the base of the stratigraphic unit, is delineated everywhere 
along time-stratigraphic boundaries that are independent of lithology. No 
attempt was made to establish a lithologic (hydrologic) base for the unit, 
which would have created a distinct hydrologic unit. Such effort would have 
involved a thorough hydrologic evaluation of pre-Miocene formations, which 
is beyond the scope of the project.


In many places, the Catahoula confining system (restricted) is identi 
cal to the stratigraphic unit, but there are notable exceptions. These 
departures of the hydrologic boundaries from the stratigraphic boundaries 
are most prominent in the eastern part of the Coastal Plain near the Sabine 
River (fig. 15), in places in south Texas (fig. 11), and in numerous places 
at the outcrop and in the shallow subsurface. In these places, the very 
sandy parts of the Catahoula Tuff or Sandstone (stratigraphic unit) that 
lie immediately below the Oakville Sandstone or Fleming Formation are included 
in the overlying Jasper aquifer. This leaves a lower section from 0 to 2,000 
feet (610 m) or more in thickness that consists predominantly of clay or 
tuff with some interbedded sand to compose the Catahoula confining system 
(restricted). In most areas, this delineation creates a unit that is gen 
erally deficient in sand so as to preclude its classification in these areas 
as an aquifer. Thus in much of its subsurface extent, the Catahoula con 
fining system (restricted) functions hydrologically as a confining layer that 
retards the interchange of water between the overlying Jasper aquifer and 
underlying aquifers.


The amount of clay and other fine-grained clastic material in the 
Catahoula confining system (restricted) generally increases downdip, until 
the Anahuac Formation is approached. Below this unit, the "Frio" Formation 
becomes characteristically sandy and contains highly saline water that extends 
to considerable depths.


Jasper Aquifer


The Jasper aquifer, which was named by Wesselman (1967) for the town 
of Jasper in Jasper County, Texas, has heretofore not been delineated far 
ther west than Washington, Austin, and Fort Bend Counties. In this report, 
a delineation as far downdip as possible has been made of the Jasper from 
the Sabine River to the Rio Grande.


The configuration of the Jasper aquifer in the subsurface, as shown on 
the sections, is geometrically irregular. This irregularity is due to the 
fact that the delineation was necessarily made on the basis of the aquifer 
being a rock-stratigraphic unit. The hydrologic boundaries were defined by 
observable physical (lithologic) features rather than by inferred geologic 
history.
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The configuration of the base and top of the Jasper transgresses strati- 
graphic boundaries along strike and downdip. The lower boundary of the aqui 
fer coincides with the stratigraphic lower boundary of the Oakville or 
Fleming in some places. In other places the base of the Jasper lies within 
the Catahoula or coincides with the base of that unit. The top of the aqui 
fer is within the Fleming Formation in places, follows the top of the Oak 
ville Sandstone in other places, and is within the Oakville in still other 
places.


The Jasper ranges in thickness from as little as 200 feet (61 m) to 
about 3,200 feet (975 m). The maximum thickness occurs within the region 
of highly saline water in the aquifer. An average range in thickness of 
the aquifer within the zone of fresh to slightly saline water is from about 
600 to 1,000 feet (183 to 305 m). In the eastern part of the Coastal Plain 
of Texas the Jasper contains a greater percentage of sand than in the south 
ern part. At the Sabine River, the Jasper attains a thickness of 2,400 feet 
(732 m) in well 31 on section L"-LMI (fig. 15), where the aquifer is com 
posed almost entirely of sand. Fresh to slightly saline water, as shown on 
section D-D 1 (fig. 5), occurs as deep as 3,000 feet (914 m) below sea level.


Delineation of the Jasper aquifer in Louisiana (Whitfield, 1975), in 
western Louisiana and eastern Texas (Turcan, Wesselman, and Kilburn, 1966), 
and in Jasper and Newton Counties, Texas (Wesselman, 1967) shows that the 
thickness of the Jasper at the Sabine River closely approximates that given 
by the author. For example, the author assigns a thickness of 2,400 feet 
(732 m) to the Jasper in well 31 on section L"-LMI (fig. 15), and the authors 
cited above show essentially the same thickness at the site. This agreement 
in aquifer thickness, however, is contrasted to different interpretations of 
the stratigraphic composition or age of the aquifer near the Sabine River. 
The authors cited above restrict the Jasper to a part of the Fleming Forma 
tion, whereas this paper redefines the Jasper at its type locality near 
the Sabine River to include the upper part of the Catahoula of Texas in 
addition to the lower part of the Fleming of Texas. (This redefinition 
applies only to the area of the type locality and is thus only locally valid. 
Elsewhere in the Coastal Plain of Texas the Jasper assumes a different 
stratigraphic makeup.)


The stratigraphic discrepancies at the Texas-Louisiana border are 
attributed to different interpretations of the surface geology at the State 
line. The Palestine quadrangle of the Geologic Atlas of Texas (Barnes, 
1968b) shows the Catahoula outcrop to be about 6 miles (9.7 km) wide at 
the Sabine River, whereas Welch (1942) shows the outcrop in Louisiana to be 
about 1 mile (1.6 km) wide. A close comparison of the two geologic maps 
indicates that in Louisiana the Lena, Carnahan Bayou, and at least part 
of the Dough Hills Members of Fisk (1940) of the Fleming Formation of Kennedy 
(1892), in addition to the Catahoula of Welch (1942), are equivalent to the 
Catahoula of Texas. Wesselman (1967) assigned the Carnahan Bayou Member 
as the basal part of the Jasper, which is reasonable; but this member is 
Catahoula in age in Texas. As long as the discrepancy in geologic mapping 
is unresolved, subsurface correlations of the Catahoula-Fleming contact, as 
well as formation thicknesses, will continue to differ.
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Burkeville Confining System


The Burkeville confining system, which was named by Wesselman (1967) 
for outcrops near the town of Burkeville in Newton County, Texas, is delin 
eated on the sections from the Sabine River to near the Rio Grande. It 
separates the Jasper and Evangeline aquifers and serves to retard the inter 
change of water between the two aquifers.


The Burkeville has been mapped in this report as a rock-stratigraphic 
unit consisting predominantly of silt and clay. Boundaries were deter 
mined independently from time concepts although in some places the unit 
appears to possess approximately isochronous boundaries. In most places, 
however, this is not the case. For example, the entire thickness of sedi 
ment in the Burkeville confining system in some areas is younger than the 
entire thickness of sediment in the Burkeville in other places.


The configuration of the unit is highly irregular. Boundaries are not 
restricted to a single stratigraphic unit but transgress the Fleming-Oakville 
contact in many places. This is shown on sections D-D 1 to G-G 1 and J-J f 
(figs. 5-8 and 11). Where the Oakville Sandstone is present, the Burkeville 
crops out in the Fleming but dips gradually into the Oakville because of 
facies changes from sand to clay downdip.


The typical thickness of the Burkeville ranges from about 300 to 500 
feet (91 to 152 m). However, thick sections of predominantly clay in Jack 
son and Calhoun Counties account for the Burkeville f s gradual increase to 
its maximum thickness of more than 2,000 feet (610 m) as shown on section 
F-F' (fig. 7).


The Burkeville confining system should not be construed as a rock unit 
that is composed entirely of silt and clay. This is not typical of the 
unit, although examples of a predominance of silt and clay can be seen in 
some logs in sections H-H f and I-I f (figs. 9-10). In most places, the 
Burkeville is composed of many individual sand layers, which contain fresh 
to slightly saline water; but because of its relatively large percentage 
of silt and clay when compared to the underlying Jasper aquifer and over 
lying Evangeline, the Burkeville functions as a confining unit.


Evangeline Aquifer


The Evangeline aquifer, which was named and defined by Jones (Jones, 
Turcan, and Skibitzke, 1954) for a ground-water reservoir in southwestern 
Louisiana, has been mapped also in Texas, but heretofore has been delineated 
no farther west than Washington, Austin, Fort Bend, and Brazoria Counties. 
Its presence as an aquifer and its hydrologic boundaries to the west have 
been a matter of speculation. D. G. Jorgensen, W. R. Meyer, and W. H. 
Sandeen of the U.S. Geological Survey (written commun., March 1, 1976) 
recently refined the delineation of the aquifer in previously mapped areas 
and continued its delineation to the Rio Grande. The boundaries of the 
Evangeline as they appear on the sections in this report are their determi 
nations.
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The Evangeline aquifer has been delineated in this report essentially 
as a rock-stratigraphic unit. Although the aquifer is composed of at least 
the Goliad Sand, the lower boundary transgresses time lines to include sec 
tions of sand in the Fleming Formation. The base of the Goliad Sand at 
the outcrop coincides with the base of the Evangeline only in south Texas 
as shown in sections H-H f to K-K f (figs. 9-12). Elsewhere, the Evangeline 
at the surface includes about half of the Fleming outcrop. The upper boundary 
of the Evangeline probably follows closely the top of the Goliad Sand where 
present, although this relationship is somewhat speculative.


The Evangeline aquifer is typically wedge shaped and has a high sand- 
clay ratio. Individual sand beds are characteristically tens of feet thick. 
Near the outcrop, the aquifer ranges in thickness from 400 to 1,000 feet 
(122 to 305 m), but near the coastline, where the top of the-aquifer is about 
1,000 feet (305 m) deep, its thickness averages about 2,000 feet (610 m). 
The Evangeline is noted for its abundance of good quality ground water and 
is considered one of the most prolific aquifers in the Texas Coastal Plain. 
Fresh to slightly saline water in the aquifer, however, is shown to extend 
to the coastline only in section J-J f (fig. 11).


Chicot Aquifer


The Chicot aquifer, which was named and defined by Jones (Jones, Tur- 
can, and Skibitzke, 1954) for a ground-water reservoir in southwestern 
Louisiana, is the youngest aquifer in the Coastal Plain of Texas. Over 
the years, the aquifer gradually was mapped westward from Louisiana into 
Texas where, heretofore, its most westerly mapped limit was Austin, Fort 
Bend, and Brazoria Counties. In this report, the delineation of the Chicot 
was refined in previously mapped areas and extended to near the Rio Grande 
by D. G. Jorgensen, W. R. Meyer, and W. M. Sandeen of the U.S. Geological 
Survey (written commun., March 1, 1976).


It is believed that the base of the Chicot in some areas has been 
delineated on the sections in this report as the base of the Pleistocene. 
Early work in southeast Texas indicates that the Chicot probably comprises 
the Willis Sand, Bentley Formation, Montgomery Formation, and Beaumont Clay 
of Pleistocene age and any overlying Holocene alluvium (table 1). The 
problem that arises in this regard is that the base of the Pleistocene is 
difficult to pick from electrical logs. Thus any delineation of the base 
of the Chicot in the subsurface as the base of the Pleistocene is automati 
cally suspect. At the surface, the base of the Chicot on the sections has 
been picked at the most landward edge of the oldest undissected coastwise 
terrace of Quaternary age. In practice, the delineation of the Chicot in 
the subsurface, at least on the sections in southeast Texas, has been based 
on the presence of a higher sand-clay ratio in the Chicot than in the under 
lying Evangeline. In some places, a prominent clay layer was used as the 
boundary. Differences in hydraulic conductivity or water levels in some 
areas also served to differentiate the Chicot from the Evangeline.
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The high percentage of sand in the Chicot in southeast Texas, where 
the aquifer is noted for its abundance of water, diminishes southwestward 
Southwest of section G-G 1 (fig. 8) the higher clay content of the Chicot 
and the absence of fresh to slightly saline water in the unit is sharply 
contrasted with the underlying Evangeline aquifer that still retains rela 
tively large amounts of sand and good quality water.
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BACKGROUND 
The Louisiana Department of Environmental Quality's (LDEQ) Aquifer Sampling and 
Assessment Program (ASSET) is an ambient monitoring program established to determine and 
monitor the quality of ground water produced from Louisiana's major freshwater aquifers. The 
ASSET Program samples approximately 200 water wells located in 14 aquifers and aquifer 
systems across the state. The sampling process is designed so that all fourteen aquifers and 
aquifer systems are monitored on a rotating basis, within a three-year period so that each well is 
monitored every three years. 


In order to better assess the water quality of a particular aquifer, an attempt is made to sample 
all ASSET Program wells producing from it in a narrow time frame.  To more conveniently and 
economically promulgate those data collected, a summary report on each aquifer is prepared 
separately. Collectively, these aquifer summaries will make up, in part, the ASSET Program's 
Triennial Summary Report for 2009. 


Analytical and field data contained in this summary were collected from wells producing from the 
Evangeline aquifer, during the 2007 state fiscal year (July 1, 2006 - June 30, 2007). This 
summary will become Appendix 4 of ASSET Program Triennial Summary Report for 2009. 


These data show that in January and February of 2007, and in May 2008, 12 wells were 
sampled which produce from the Evangeline aquifer. Eight of these 12 are classified as public 
supply, while there are one each classified by the Louisiana Department of Transportation and 
Development (LDOTD) as irrigation, industrial, domestic and other. The wells are located in 7 
parishes from the central and southwest areas of the state. 


Figure 4-1 shows the geographic locations of the Evangeline aquifer and the associated wells, 
whereas Table 4-1 lists the wells in the aquifer along with their total depths, use made of 
produced waters and date sampled. 


Well data for registered water wells were obtained from the Louisiana Department of 
Transportation and Development’s Water Well Registration Data file. 


GEOLOGY 
The Evangeline aquifer is comprised of unnamed Pliocene sands and the Pliocene-Miocene 
Blounts Creek member of the Fleming formation.  The Blounts Creek consists of sands, silts, 
and silty clays, with some gravel and lignite.  The sands of the aquifer are moderately well to 
well sorted and fine to medium grained with interbedded coarse sand, silt, and clay.  The 
mapped outcrop corresponds to the outcrop of the Blounts Creek member, but downdip, the 
aquifer thickens and includes Pliocene sand beds that do not outcrop.  The confining clays of 
the Castor Creek member (Burkeville aquiclude) retard the movement of water between the 
Evangeline and the underlying Miocene aquifer systems.  The Evangeline is separated in most 
areas from the overlying Chicot aquifer by clay beds; in some areas the clays are missing and 
the upper sands of the Evangeline are in direct contact with the lower sands and gravels of the 
Chicot. 
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HYDROGEOLOGY 
Recharge to the Evangeline aquifer occurs by the direct infiltration of rainfall in interstream, 
upland outcrop areas and the movement of water through overlying terrace deposits, as well as 
leakage from other aquifers.  Fresh water in the Evangeline is separated from water in 
stratigraphically equivalent deposits in southeast Louisiana by a saltwater ridge in the 
Mississippi River valley.  The hydraulic conductivity of the Evangeline varies between 20 and 
100 feet/day. 


The maximum depths of occurrence of freshwater in the Evangeline range from 150 feet above 
sea level, to 2,250 feet below sea level.  The range of thickness of the fresh water interval in the 
Evangeline is 50 to 1,900 feet.  The depths of the Evangeline wells that were monitored in 
conjunction with the BMP range from 170 to 1,715 feet. 


PROGRAM PARAMETERS 
The field parameters checked at each ASSET well sampling site and the list of conventional 
parameters analyzed in the laboratory are shown in Table 4-2. The inorganic (total metals) 
parameters analyzed in the laboratory are listed in Table 4-3. These tables also show the field 
and analytical results determined for each analyte. For quality control, duplicate samples were 
taken for each parameter at wells CU-1362 and EV-858. 


In addition to the field, conventional and inorganic analytical parameters, the target analyte list 
includes three other categories of compounds: volatiles, semi-volatiles, and pesticides/PCBs.  
Due to the large number of analytes in these categories, tables were not prepared showing the 
analytical results for these compounds.  A discussion of any detections from any of these three 
categories, if necessary, can be found in their respective sections. Tables 4-8, 4-9 and 4-10 list 
the target analytes for volatiles, semi-volatiles and pesticides/PCBs, respectively. 


Tables 4-4 and 4-5 provide a statistical overview of field and conventional data, and inorganic 
data for the Evangeline aquifer, listing the minimum, maximum, and average results for these 
parameters collected in the FY 2007 sampling.  Tables 4-6 and 4-7 compare these same 
parameter averages to historical ASSET-derived data for the Evangeline aquifer, from fiscal 
years 1995, 1998, 2001 and 2004. 


The average values listed in the above referenced tables are determined using all valid, 
reported results, including non-detects. Per Departmental policy concerning statistical analysis, 
one-half of the detection limit (DL) is used in place of zero when non-detects are encountered. 
However, the minimum value is reported as less than the DL, not one-half the DL. If all values 
for a particular analyte are reported as non-detect, then the minimum, maximum, and average 
values are all reported as less than the DL. For contouring purposes, one-half the DL is also 
used for non-detects in the figures and charts referenced below. 


Figures 4-2, 4-3, 4-4, and 4-5, respectively, represent the contoured data for pH, total dissolved 
solids (TDS), chloride (Cl) and iron. Charts 4-1 through 4-16 represent the trend of the graphed 
parameter, based on the averaged value of that parameter for each three-year reporting period. 
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Discussion of historical data and related trends is found in the Water Quality Trends and 
Comparison to Historical ASSET Data section. 


INTERPRETATION OF DATA 
Under the Federal Safe Drinking Water Act, EPA has established maximum contaminant levels 
(MCLs) for pollutants that may pose a health risk in public drinking water. An MCL is the highest 
level of a contaminant that EPA allows in public drinking water. MCLs ensure that drinking water 
does not pose either a short-term or long-term health risk. While not all wells sampled were 
public supply wells, the Office of Environmental Assessment does use the MCLs as a 
benchmark for further evaluation. 


EPA has set secondary standards, which are defined as non-enforceable taste, odor, or 
appearance guidelines. Field and laboratory data contained in Tables 4-2 and 4-3 show that one 
secondary MCL (SMCL) was exceeded in 7 of the 12 wells sampled in the Evangeline aquifer. 


Field and Conventional Parameters 
Table 4-2 shows the field and conventional parameters for which samples are collected at each 
well and the analytical results for those parameters. Table 4-4 provides an overview of this data 
for the Evangeline aquifer, listing the minimum, maximum, and average results for these 
parameters. 


Federal Primary Drinking Water Standards: A review of the analysis listed in Table 4-2 shows 
that no primary MCL was exceeded for field or conventional parameters for this reporting period. 
Those ASSET wells reporting turbidity levels greater than 1.0 NTU do not exceed the Primary 
MCL of 1.0, as this standard applies to public supply water wells that are under the direct 
influence of surface water. The Louisiana Department of Health and Hospitals has determined 
that no public water supply well in Louisiana was in this category.  


Federal Secondary Drinking Water Standards: A review of the analysis listed in Table 4-2 shows 
that four wells exceeded the SMCL for pH, and two wells exceeded the SMCL for total dissolved 
solids. Laboratory results override field results in exceedance determinations, thus only lab 
results will be counted in determining SMCL exceedance numbers for TDS. Following is a list of 
SMCL parameter exceedances with well number and results: 


pH (SMCL = 6.5 – 8.5 Standard Units):  


AL-120 – 8.68 SU 
AL-363 –9.20 SU 
BE-512 – 8.96 SU 
V-668 – 8.73 SU 
 
Total Dissolved Solids (SMCL = 500 mg/L or 0.5 g/L):  
 LAB RESULTS (in mg/L) FIELD MEASURES (in g/L) 
AV-441 730 mg/L 0.68 g/L 
EV-858 738 mg/L, Duplicate – 724 mg/L 0.76 g/L (Original and Duplicate) 
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Inorganic Parameters 
Table 4-3 shows the inorganic (total metals) parameters for which samples are collected at each 
well and the analytical results for those parameters. Table 4-5 provides an overview of inorganic 
data for the Evangeline aquifer, listing the minimum, maximum, and average results for these 
parameters. 


Federal Primary Drinking Water Standards: A review of the analyses listed on Table 4-3 shows 
that no primary MCL was exceeded for total metals. 


Federal Secondary Drinking Water Standards: Laboratory data contained in Table 4-3 shows 
that one well exceeded the secondary MCL for iron: 


Iron (SMCL = 300 ug/L):  
CU-1362 – 367 ug/L, Duplicate – 363 ug/L 


Volatile Organic Compounds 
Table 4-8 shows the volatile organic compound (VOC) parameters for which samples are 
collected at each well. Due to the number of analytes in this category, analytical results are not 
tabulated; however any detection of a VOC would be discussed in this section. 


Chloroform was detected in well AL-373 at 2.06 ug/L, which is just over the laboratory detection 
limit of 2 ug/L for this compound. Because chloroform was detected at this low concentration, 
and due to there being no MCL established for this compound, and because chloroform is a 
common lab contaminant, the well was not resampled to confirm the occurrence of chloroform. 
The well owner was given a report of these results and close attention will be given to this well 
in upcoming regular sampling activities. No other VOC was detected at or above its respective 
detection limit during the FY 2007 sampling of the Evangeline aquifer. 


Semi-Volatile Organic Compounds 
Table 4-9 shows the semi-volatile organic compound (SVOC) parameters for which samples are 
collected at each well. Due to the number of analytes in this category, analytical results are not 
tabulated; however any detection of a SVOC would be discussed in this section. 


There were no confirmed detections of a SVOC at or above its detection limit during the FY 
2007 sampling of the Evangeline aquifer. 


Pesticides and PCBs 
Table 4-10 shows the pesticide and PCB parameters for which samples are collected at each 
well. Due to the number of analytes in this category, analytical results are not tabulated; 
however any detection of a pesticide or PCB would be discussed in this section. 


There were no confirmed detections of a pesticide or PCB at or above its detection limit during 
the FY 2007 sampling of the Evangeline aquifer. 
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WATER QUALITY TRENDS AND COMPARISON TO 
HISTORICAL ASSET DATA 


Analytical and field data show that the quality and characteristics of ground water produced from 
the Evangeline aquifer exhibit some changes when comparing current data to that of the four 
previous sampling rotations (three, six, nine and twelve years prior). These comparisons can be 
found in Tables 4-6 and 4-7, and in Charts 4-1 to 4-16 of this summary. Over the twelve-year 
period data averages show that 6 analytes have shown a general increase in concentration. 
These analytes are: pH, chloride, sulfate, hardness, barium, and iron. For this same time period, 
the average concentrations for 8 analytes have demonstrated a decrease. These are: 
temperature, specific conductance (field and lab), salinity, total dissolved solids, TKN, total 
phosphorus, copper, and zinc. The average ammonia concentration has been consistent for this 
time period while the average for nitrite-nitrate has been consistently below its detection limit for 
each reporting period. 


The current number of wells with secondary MCL exceedances is the same as the previous 
sampling event in FY 2004, with 7 wells reporting at least one exceedance each. However, for 
the FY 2007 reporting period, there were fewer total SMCLs exceeded, with 7 exceedances in 
FY 2007 and 10 exceedances in FY 2004. 
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SUMMARY AND RECOMMENDATIONS 
In summary, the data show that the ground water produced from this aquifer is generally soft1 
and is of good quality when considering short-term or long-term health risk guidelines.  
Laboratory data show that no well that was sampled for this reporting period exceeded a 
primary MCL.  The data also show that this aquifer is of good quality when considering taste, 
odor, or appearance guidelines.  A comparison to historical ASSET data show that 6 analytes 
have increased in their average concentrations, 8 have decreased, and 2 have remained 
constant or below its detection limit. 


It is recommended that the ASSET wells assigned to the Evangeline aquifer be re-sampled as 
planned in approximately three years.  In addition, several wells should be added to the 11 
currently in place to increase the well density for this aquifer. 


                                                
1
 Classification based on hardness scale from:  Peavy, H.S. et al. Environmental Engineering. New York: McGraw-


Hill. 1985. 
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Table 4-1: List of Wells Sampled, Evangeline Aquifer–FY 2007 
 


  DOTD Well 
Number Parish Date Owner Depth 


(Feet) Well Use 


AL-120 ALLEN 1/30/2007 CITY OF OAKDALE 910 PUBLIC SUPPLY 


AL-363 ALLEN 1/29/2007 WEST ALLEN PARISH WATER DIST. 1715 PUBLIC SUPPLY 


AL-373 ALLEN 5/19/2008 TOWN OF OBERLIN 747 PUBLIC SUPPLY 


AL-391 ALLEN 1/30/2007 FAIRVIEW WATER SYSTEM 800 PUBLIC SUPPLY 


AV-441 AVOYELLES 1/30/2007 TOWN OF EVERGREEN 319 PUBLIC SUPPLY 


BE-410 BEAUREGARD 1/29/2007 BOISE CASCADE 474 INDUSTRIAL 


BE-512 BEAUREGARD 1/29/2007 SINGER WATER DISTRICT 918 PUBLIC SUPPLY 


CU-1362 CALCASIEU 2/14/2007 LA WATER CO 635 PUBLIC SUPPLY 


EV-858 EVANGELINE 1/29/2007 SAVOY SWORDS WATER SYSTEM 472 PUBLIC SUPPLY 


R-1350 RAPIDES 1/30/2007 PRIVATE OWNER 180 IRRIGATION 


V-5065Z VERNON 1/30/2007 PRIVATE OWNER 170 DOMESTIC 


V-668 VERNON 1/30/2007 LDWF/FORT POLK WMA HQ 280 OTHER 
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Table 4-2: Summary of Field and Conventional Data, Evangeline Aquifer–FY 2007 


DOTD 
WELL 


NUMBER 


Temp 
Deg. C 


pH 
SU 


Sp. Cond. 
mmhos/cm 


Sal. 
ppt 


TDS 
g/L 


Alk 
mg/L 


Cl 
mg/L 


Color 
PCU 


Sp. Cond. 
umhos/cm 


SO4 
mg/L 


TDS 
mg/L 


TSS 
mg/L 


Turb. 
NTU 


NH3 
mg/L 


Hard. 
mg/L 


Nitrite- 
Nitrate 
(as N) 
mg/L 


TKN 
mg/L 


Tot. P 
mg/L 


LABORATORY DETECTION LIMITS → 2.0 1.3 5 10 1.25/1.3 4 4 1 0.1 5.0 0.05 0.10 0.05 


FIELD PARAMETERS LABORATORY PARAMETERS 


AL-120 23.17 8.68 0.337 0.16 0.22 157 3.4 


N
ot Analyzed by Lab 


309 6.2 205 <4 <1 <0.1 <5 <0.05 <0.1 0.13 


AL-363 26.85 9.20 0.516 0.25 0.34 265 2.9 492 1.9 304 <4 <1 0.13 <5 <0.05 0.14 0.28 


AL-373 23.40 7.82 0.323 0.15 0.21 157 10 324 2.1 213 <4 1 <0.1 <5 0.06 0.14 0.33 


AL-391 22.12 8.29 0.275 0.13 0.18 118 4 235 5.4 160 <4 <1 0.2 36 <0.05 0.27 0.09 


AV-441 20.16 8.07 1.048 0.52 0.68 428 92.9 1,144 39.8 730 <4 <1 0.44 13.2 <0.05 0.65 0.14 


BE-410 21.45 8.06 0.211 0.10 0.14 85.8 4.8 182 2.6 131 <4 <1 <0.1 60.9 0.06 <0.1 <0.05 


BE-512 24.11 8.96 0.35 0.17 0.23 166 4.3 322 5.8 204 <4 <1 <0.1 5 <0.05 <0.1 0.1 


CU-1362 22.71 6.87 0.323 0.15 0.21 122 14 271 2 201 <4 <1 0.12 35.7 <0.05 0.16 0.25 


CU-1362* 22.71 6.87 0.323 0.15 0.21 122 14.3 272 2 200 <4 <1 0.1 35.8 <0.05 0.1 0.25 


EV-858 21.35 7.73 1.176 0.59 0.76 388 ‡181 1,252 <1.3 738 <4 <1 0.74 83.3 <0.05 0.82 0.22 


EV-858* 21.35 7.73 1.176 0.59 0.76 390 ‡180 1,260 <1.3 724 <4 <1 0.71 81.9 <0.05 0.83 0.23 


R-1350 19.87 7.92 0.12 0.06 0.08 22.5 3.4 68.8 ‡5.6 95.3 <4 2 <0.1 8.2 <0.05 <0.1 0.06 


V-5065Z 13.82 7.87 0.128 0.06 0.08 29.1 4.7 73 <1.3 79.3 <4 <1 <0.1 15.5 <0.05 0.12 0.06 


V-668 9.79 8.73 0.089 0.04 0.06 10.5 3 34.7 <1.3 50 <4 1.1 <0.1 8.3 <0.05 <0.1 <0.05 


*Denotes Duplicate Sample ‡Reported from a Dilution Shaded cells exceed EPA Secondary Standards 
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Table 4-3: Summary of Inorganic Data, Evangeline Aquifer–FY 2007 


*Denotes Duplicate Sample. “R” = Data rejected, arsenic detected in Field Blank Shaded cells exceed EPA Secondary Standards 
 


  


DOTD Well 
Number 


Antimony 
ug/L 


Arsenic 
ug/L 


Barium 
ug/L 


Beryllium 
ug/L 


Cadmium 
ug/L 


Chromium 
ug/L 


Copper 
ug/L 


Iron 
ug/L 


Lead 
ug/L 


Mercury 
ug/L 


Nickel 
ug/L 


Selenium 
ug/L 


Silver 
ug/L 


Thallium 
ug/L 


Zinc 
ug/L 


Laboratory 
Detection Limits 1 3 2 1 0.5 5 3 20 3 0.05 3 4 0.5 1 10 


AL-120 <1 3.1 9.1 <1 <0.5 <3 <3 20.8 <3 <0.05 <3 <4 <0.5 <1 <10 


AL-363 <1 3 9.1 <1 <0.5 <3 <3 24.8 <3 <0.05 <3 <4 <0.5 <1 <10 


AL-373 <1 <3 11.8 <1 <0.5 <3 9.3 237 <3 *0.09 <3 <4 <0.5 <1 60.2 


AL-391 <1 <3 124 <1 <0.5 <3 <3 50.5 <3 <0.05 <3 <4 <0.5 <1 <10 


AV-441 <1 <3 71.5 <1 <0.5 <3 <3 232 <3 <0.05 <3 <4 0.6 <1 <10 


BE-410 <1 3.5 150 <1 <0.5 <3 <3 <20 <3 <0.05 <3 <4 <0.5 <1 <10 


BE-512 <1 3.3 15.7 <1 <0.5 <3 <3 <20 <3 <0.05 <3 <4 <0.5 <1 <10 


CU-1362 <1 R 183 <1 <0.5 <3 3.4 367 <3 <0.05 <3 <4 <0.5 <1 12.6 


CU-1362* <1 R 181 <1 <0.5 <3 3.1 363 <3 <0.05 <3 <4 <0.5 <1 10.8 


EV-858 <1 <3 455 <1 <0.5 <3 <3 165 <3 <0.05 <3 <4 <0.5 <1 <10 


EV-858* <1 <3 451 <1 <0.5 <3 <3 161 <3 <0.05 <3 <4 <0.5 <1 <10 


R-1350 <1 <3 14.4 <1 <0.5 <3 <3 752 <3 <0.05 <3 <4 <0.5 <1 56.8 


V-5065Z <1 <3 73.8 <1 <0.5 <3 5.9 <20 <3 <0.05 <3 <4 <0.5 <1 17.8 


V-668 <1 <3 41.6 <1 <0.5 <3 12.7 88.3 <3 <0.05 <3 <4 <0.5 <1 18.2 
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Table 4-4: FY 2007 Field and Conventional Statistics, ASSET Wells 


Table 4-5: FY 2007 Inorganic Statistics, ASSET Wells 
PARAMETER MINIMUM MAXIMUM AVERAGE 


Antimony (ug/L) <1 <1 <1 


Arsenic (ug/L) <3 3.5 <3 


Barium (ug/L) 9.1 455.0 127.9 


Beryllium (ug/L) <1 <1 <1 


Cadmium (ug/L) <0.5 <0.5 <0.5 


Chromium (ug/L) <3 <3 <3 


Copper (ug/L) <3 12.7 3.4 


Iron (ug/L) <20 752 178 


Lead (ug/L) <3 <3 <3 


Mercury (ug/L) <0.05 <0.05 <0.05 


Nickel (ug/L) <3 <3 <3 


Selenium (ug/L) <4 <4 <4 


Silver (ug/L) <0.5 0.6 <0.5 


Thallium (ug/L) <1 <1 <1 


Zinc (ug/L) <10 60.2 15.5 


  


PARAMETER MINIMUM MAXIMUM AVERAGE 


FI
EL


D
 


Temperature (OC) 19.87 26.85 22.44 


pH (SU) 6.87 9.20 8.06 


Specific Conductance (mmhos/cm) 0.089 1.176 0.460 


Salinity (ppt) 0.04 0.59 0.22 


TDS (g/L) 0.058 0.764 0.300 


LA
B


O
R


A
TO


R
Y 


Alkalinity (mg/L) 10.5 428.0 175.8 


Chloride (mg/L) 2.9 181.0 37.3 


Specific Conductance (umhos/cm) 34.7 1,260.0 445.7 


Sulfate (mg/L) <1.3 39.8 5.4 


TDS (mg/L) 50 738 289 


TSS (mg/L) <4 <4 <4 


Turbidity (NTU) <1 2 <1 


Ammonia, as N (mg/L) <0.1 0.74 0.20 


Hardness (mg/L) <5 83.3 27.9 


Nitrite - Nitrate, as N (mg/L) <0.05 0.06 <0.05 


TKN (mg/L) <0.1 0.83 0.25 


Total Phosphorus (mg/L) <0.05 0.33 0.16 
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Table 4-6: Triennial Field and Conventional Statistics, ASSET Wells 


Table 4-7: Triennial Inorganic Statistics, ASSET Wells 
PARAMETER FY 1995 


AVERAGE 
FY 1998 


AVERAGE 
FY 2001 


AVERAGE 
FY 2004 


AVERAGE 
FY 2007 


AVERAGE 
Antimony (ug/L) <5 - <5 <5 <1 


Arsenic (ug/L) <5 <5 <5 <5 <3 


Barium (ug/L) 62.7 41.4 127.0 85.4 127.9 


Beryllium (ug/L) <2 <2 <2 <1 <1 


Cadmium (ug/L) <2 <2 <2 <1 <0.5 


Chromium (ug/L) <5 <5 <5 <5 <3 


Copper (ug/L) 25.1 48.6 7.9 6.6 3.4 


Iron (ug/L) 203.1 104.5 160.7 267.4 178.0 


Lead (ug/L) <10 <10 <10 <10 <3 


Mercury (ug/L) <0.05 <0.05 <0.05 <0.05 <0.05 


Nickel (ug/L) 8.1 <5 <5 <5 <3 


Selenium (ug/L) <5 <5 <5 <5 <4 


Silver (ug/L) <1 1.19 <1 <1 <0.5 


Thallium (ug/L) <5 <5 <5 <5 <1 


Zinc (ug/L) 134.2 106.6 15.2 26.8 15.5 


 
  


PARAMETER FY 1995 
AVERAGE 


FY 1998 
AVERAGE 


FY 2001 
AVERAGE 


FY 2004 
AVVERAGE 


FY 2007 
AVERAGE 


FI
EL


D
 


Temperature (OC) 23.71 22.87 21.33 22.69 22.44 


pH (SU) 7.14 7.08 7.05 7.54 8.06 


Specific Conductance (mmhos/cm) 0.50 0.50 0.30 0.32 0.46 


Salinity (ppt) 0.22 0.21 0.14 0.15 0.22 


TDS (g/L) - - - 0.21 0.30 


LA
B


O
R


A
TO


R
Y 


Alkalinity (mg/L) 205.8 192.8 176.7 137.2 175.8 


Chloride (mg/L) 15.2 27.0 38.3 18.1 37.3 


Color (PCU) 23.3 6.7 8.2 7.5 - 


Specific Conductance (umhos/cm) 489.6 453.8 446.1 322.3 445.7 


Sulfate ( mg/L) 4.71 4.40 5.73 5.43 5.4 


TDS (mg/L) 308.4 324.8 263.7 209.4 289 


TSS (mg/L) <4 <4 <4 <4 <4 


Turbidity (NTU) <1 <1 <1 1.04 <1 


Ammonia, as N (mg/L) 0.20 0.16 0.22 0.15 0.20 


Hardness (mg/L) 16.1 11.1 31.9 22.6 27.9 


Nitrite - Nitrate , as N (mg/L) <0.05 <0.05 <0.05 <0.05 <0.05 


TKN (mg/L) 0.72 0.16 0.69 0.28 0.25 


Total Phosphorus (mg/L) 0.16 0.15 0.17 0.10 0.16 
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Table 4-8: VOC Analytical Parameters 
 


  COMPOUND METHOD DETECTION LIMIT 
(ug/L) 


1,1-Dichloroethane 624 2 


1,1- Dichloroethene 624 2 


1,1,1-Trichloroethane 624 2 


1,1,2- Trichloroethane 624 2 


1,1,2,2-Tetrachloroethane 624 2 


1,2-Dichlorobenzene 624 2 


1,2-Dichloroethane 624 2 


1,2-Dichloropropane 624 2 


1,3- Dichlorobenzene 624 2 


1,4-Dichlorobenzene 624 2 


Benzene 624 2 


Bromoform 624 2 


Carbon Tetrachloride 624 2 


Chlorobenzene 624 2 


Dibromochloromethane 624 2 


Chloroethane 624 2 


trans-1,2-Dichloroethene 624 2 


cis-1,3-Dichloropropene 624 2 


Bromodichloromethane 624 2 


Methylene Chloride 624 2 


Ethyl Benzene 624 2 


Bromomethane 624 2 


Chloromethane 624 2 


o-Xylene 624 2 


Styrene 624 2 


Methyl-t-Butyl Ether 624 2 


Tetrachloroethene 624 2 


Toluene 624 2 


trans-1,3-Dichloropropene 624 2 


Trichloroethene 624 2 


Trichlorofluoromethane 624 2 


Chloroform 624 2 


Vinyl Chloride 624 2 


Xylenes, m & p 624 4 







 


 Page 16 
EVANGELINE AQUIFER SUMMARY REPORT, 2007 


ASSET PROGRAM 
 


Table 4-9: SVOC Analytical Parameters 


COMPOUND METHODS* DETECTION LIMITS* 
(ug/L) 


1,2-Dichlorobenzene 625/8270 10 


1,2,3-Trichlorobenzene 625 10 


1,2,3,4-Tetrachlorobenzene 625 10 


1,2,4,5-Tetrachlorobenzene 625 10 


1,2,4-Trichlorobenzene 625/8270 10 


1,3-Dichlorobenzene 625/8270 10 


1,3,5-Trichlorobenzene 625 10 


1,4-Dichlorobenzene 625/8270 10 


2-Chloronaphthalene 625/8270 10 


2-Chlorophenol 625/8270 20/10 


4,6-Dinitro-2-methylphenol 625/8270 20/10 


2-Methylphenol 8270 10 


2-Methylnaphthalene 8270 10 


2-Nitroaniline 8270 10 


2-Nitrophenol 625/8270 20/10 


2,4-Dichlorophenol 625/8270 20/10 


2,4-Dimethylphenol 625/8270 20/10 


2,4-Dinitrophenol 625/8270 20/10 


2,4-Dinitrotoluene 625/8270 20/10 


2,4,5-Trichlorophenol 8270 10 


2,4,6-Trichlorophenol 625/8270 20/10 


2,6-Dinitrotoluene 625/8270 10 


3,3'-Dichlorobenzidine 625/8270 10 


3-Nitroaniline 8270 10 


4-Bromophenylphenyl ether 625/8270 10 


4-Chloro-3-methylphenol 625/8270 20/10 


4-Chloroaniline 8270 10 


4-Chlorophenylphenyl ether 625/8270 10 


4-Methylphenol 8270 10 


4-Nitroaniline 8270 10 


4-Nitrophenol 625/8270 20/10 


Acenaphthene 625/8270 10 


Acenaphthylene 625/8270 10 


Anthracene 625/8270 10 


Benzo(a)pyrene 625/8270 10 


Benzo(k)fluoranthene 625/8270 10 


Benzo(a)anthracene 625/8270 10 
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Table 4-9: SVOCs (Continued) 


COMPOUND METHODS* DETECTION LIMITS* 
(ug/L) 


Benzo(b)fluoranthene 625/8270 10 


Benzo(g,h,i)perylene 625/8270 10 


Benzoic acid 8270 10 


Benzyl alcohol 8270 10 


2,2'-Oxybis(1-chloropropane) 8270 10 


Butylbenzylphthalate 625/8270 10 


Chrysene 625/8270 10 


Dibenz(a,h)anthracene 625/8270 10 


Dibenzofuran 8270 10 


Diethylphthalate 625/8270 10 


Dimethylphthalate 625/8270 10 


Di-n-butylphthalate 625/8270 10 


Di-n-octylphthalate 625/8270 10 


Fluoranthene 625/8270 10 


Fluorene 625/8270 10 


Hexachlorobenzene 625/8270 10/1 


Hexachloro-1,3-butadiene 8270 10 


Hexachlorocyclopentadiene 625/8270 10 


Hexachloroethane 625/8270 10 


Indeno(1,2,3-cd)pyrene 625/8270 10 


Isophorone 625/8270 10 


Naphthalene 625/8270 10 


Nitrobenzene 625/8270 10 


N-Nitrosodimethylamine 625 10 


N-Nitrosodiphenylamine 625/8270 10 


N-Nitroso-di-n-propylamine 625/8270 10 


Pentachlorophenol 625/8270 10/1 


Pentachlorophenol 625 20 


Phenanthrene 625/8270 10 


Phenol 625/8270 20/10 


Pyrene 625/8270 10 


*Multiple methods/detection limits due to multiple labs performing analyses. 
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Table 4-10: Pesticides and PCBs 


COMPOUND METHODS* DETECTION LIMITS* 
(ug/L) 


4,4'-DDD 608 / 8081 0.05 / 0.1 


4,4'-DDE 608 / 8081 0.05 / 0.1 


4,4'-DDT 608 / 8081 0.05 / 0.1 


Aldrin 608 / 8081 0.05 / 0.05 


alpha-Chlordane 608 / 8081 0.05 / 0.05 


alpha-BHC 608 / 8081 0.05 / 0.05 


beta-BHC 608 / 8081 0.05 / 0.05 


delta-BHC 608 / 8081 0.05 / 0.05 


gamma-BHC 608 / 8081 0.05 / 0.05 


Chlordane 608 0.2 


Dieldrin 608 / 8081 0.05 / 0.1 


Endosulfan I 608 / 8081 0.05 / 0.05 


Endosulfan II 608 / 8081 0.05 / 0.1 


Endosulfan sulfate 608 / 8081 0.05 / 0.1 


Endrin 608 / 8081 0.05 / 0.1 


Endrin aldehyde 608 / 8081 0.05 / 0.1 


Endrin Ketone 608 / 8081 0.05 / 0.1 


Heptachlor 608 / 8081 0.05 / 0.05 


Heptachlor epoxide 608 / 8081 0.05 / 0.05 


Methoxychlor 608 / 8081 0.05 / 0.5 


Toxaphene 608 / 8081 2 / 2 


gamma- Chlordane 608 / 8081 0.05 / 0.05 


Aroclor 1016 608 / 8081 1 / 1 


Aroclor 1221 608 / 8081 1 / 1 


Aroclor 1232 608 / 8081 1 / 1 


Aroclor 1242 608 / 8081 1 / 1 


Aroclor 1248 608 / 8081 1 / 1 


Aroclor 1254 608 / 8081 1 / 1 


Aroclor 1260 608 / 8081 1 / 1 


*Multiple methods/detection limits due to multiple labs performing analyses. 
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Figure 4-1: Location Plat, Evangeline Aquifer 
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Figure 4-2: Map of pH Data 
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Figure 4-3: Map of TDS Lab Data 
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Figure 4-4: Map of Chloride Data 
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Figure 4-5: Map of Iron Data 
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Chart 4-1: Temperature Trend 


 


Chart 4-2: pH Trend 
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Chart 4-3: Field Specific Conductance Trend 


 


Chart 4-4: Lab Specific Conductance Trend 
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Chart 4-5: Field Salinity Trend 


 


Chart 4-6: Alkalinity Trend 
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Chart 4-7: Chloride Trend 


 


Chart 4-8: Color Trend 
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Chart 4-9: Sulfate (SO4) Trend 


 


Chart 4-10: Total Dissolved Solids (TDS) Trend 
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 Chart 4-11: Ammonia (NH4) Trend 


 


Chart 4-12: Hardness Trend 
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 Chart 4-13: Nitrite – Nitrate Trend 


 


 Chart 4-14: TKN Trend 
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Chart 4-15: Total Phosphorus Trend 


 


Chart 4-16: Iron Trend 
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THE GEOLOGY AND GROUND-WATER RESOURCES OF 
CALCASIEU PARISH, LOUISIANA


By A. H. HARDER


ABSTRACT


Large quantities of fresh ground water are available in Calcasieu Parish. 
Fresh water is present in sand of Recent, Pleistocene, Pliocene, and Miocene 
ages, although locally only small supplies for rural or stock use can be obtained 
from the shallow sand lenses of Recent and Pleistocene ages. The principal 
fresh-water-bearing sands are the "200-foot," "500-foot," and "700-foot" sands 
of the Chicot aquifer of Pleistocene age, from which 105 million gallons is 
pumped daily. A yield of as much as 4,500 gpm (gallons per minute) has been 
obtained from a single well. The sands are typical of the Chicot aquifer 
throughout southwestern Louisiana in that generally they grade from fine sand 
at the top to coarse sand and gravel at the base of the aquifer.


The coefficient of permeability of the principal sands in Calcasieu Parish 
ranges from 660 to about 2,000 gpd (gallons per day) per square foot and 
averages 1,200 gpd per square foot. The permeability of the sands generally 
varies with textural changes.


The maximum depth of occurrence of fresh ground water in Calcasieu Parish 
ranges from about 700 feet to 2,500 feet below mean sea level; locally, how 
ever, where the sands overlie structures associated with oil fields, the maxi 
mum depth is less than 300 feet.


Pumping has caused water levels to decline, at varying rates, hi all the 
sands. In the "200-foot" sand they are declining at a rate of about 2 feet per 
year. In the industrial district of Calcasieu Parish, levels in the "500-foot" 
sand are declining at a rate of about 5 feet per year, and in the "700-foot" 
sand at a rate of about 3.5 feet per year. Salt-water contamination is accom 
panying the water-level decline in the "700-foot" sand in the central part of 
the parish.


Quality-of-water data indicate that water from wells screened in the Chicot 
aquifer generally is suitable for some uses without treatment but would require 
treatment to be satisfactory for other uses. The temperature of the water 
ranges from 70° to 79°P.


The lenticular sands of Pliocene and Miocene ages have not been used as a 
source of fresh ground water in Calcasieu Parish; however, north of the 
Houston River these formations contain fresh water, and the water contained 
In these formations in other parts of southwestern Louisiana is known to be 
soft and suitable for most purposes.
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INTRODUCTION 


LOCATION AND GENERAL FEATURES OF THE AREA


Calcasieu Parish is in southwestern Louisiana (fig. 1) and is bor 
dered on the west by the Sabine River and on the north, east, and 
south by Beauregard, Jefferson Davis, and Cameron Parishes, re 
spectively. It has an area of 1,070 square miles, an extreme east- 
west length of about 50 miles, and an extreme north-south length 
of about 30 miles. In this report the Lake Charles industrial dis 
trict is considered to be the area along the west side of the Cal 
casieu River between Moss Lake and the city of Lake Charles. In 
Calcasieu Parish there are 24 producing oil or gas fields and 1 sul 
fur mine which, with the refineries and chemical plants in the in 
dustrial district near Lake Charles, make the parish an important 
petroleum and chemical center. At DeQuincy, turpentine and other 
related products are produced. The principal agricultural products 
in the parish are rice, lumber, and cattle.


CAMERON PARISH '      


FIGURE 1. Index map of Calcasieu Parish.


According to the 1950 census the population of the parish was 
89,635. The principal city is Lake Charles, a deepwater port on 
the Calcasieu River. The population of Lake Charles in 1940 was 
21,207 and by 1950 had increased 94 percent to 41,272. In addition 
to the large chemical plants and refineries in the industrial district, 
there are many small industries across the Calcasieu River in Lake 
Charles. McNeese State College is in Lake Charles, and the Lake 
Charles Air Force Base is just outside the city limits.


The city is serviced by the Southern Pacific, the Kansas City 
Southern, and the Missouri Pacific Railroads; by the Greyhound 
and Continental Trailways bus lines; and by Trans-Texas Airways 
and Eastern Air Lines. A deepwater ship channel, first completed
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in 1941 and subsequently deepened to 35 feet, connects Lake Charles 
with the Intracoastal Waterway and the Gulf of Mexico by a route 
that approximates the natural channel of the Calcasieu River.


PITBPOSE AND SCOPE OF THE INVESTIGATION


The aquifers underlying Calcasieu Parish provide an important 
source of water for industrial, municipal, irrigation, and rural use. 
Water from rivers, lakes, and canals also is used for irrigation and 
industrial purposes; however, because of the varying temperatures 
and often poor quality of the surface water, industries and irriga- 
tors use large quantities of ground water. In 1955 about 23.7 bil 
lion gallons of ground water was pumped by industries, about 9.90 
billion gallons for irrigation, about 2.86 billion gallons for munici 
pal supplies, and about 1.46 billion gallons for rural supplies.


It is difficult to determine the dollar value of ground water, be 
cause it is used for many different purposes. However, if this 
source of water, as developed by the industries in Calcasieu Parish, 
were depleted and had to be replaced by another source at the rela 
tively low industrial rate of 8 cents per thousand gallons, the annual 
cost of the water used for industrial purposes would be about $1.9 
million.


Because of the expanding industrial and municipal use of ground 
water and its widespread use for irrigation and rural needs, con 
cern has been expressed about the adequacy of ground-water sup 
plies throughout the parish. Because of the seriousness of salt 
water encroachment in the Calcasieu River at Lake Charles (Jones 
and others, 1956, p. 186), future municipal, agricultural, and indus 
trial developments along the river will be dependent primarily upon 
wells for an adequate fresh-water supply.


Basic information on ground-water conditions has been collected 
since 1941. In 1954 a detailed ground-water study of the parish 
was begun to present the pertinent basic data thus far collected, 
determine the availability of ground water as indicated by the geo 
logic conditions and the hydrologic properties of the aquifers, de 
termine the occurrence of fresh ground water and its chemical qual 
ity, and determine the rates of withdrawals and their effects. This 
study was made in cooperation with the Louisiana Geological Sur 
vey, Department of Conservation, and the Louisiana Department of 
Public Works. The work was done under the immediate supervi 
sion of Rex R. Meyer, district geologist of the Ground Water 
Branch, United States Geological Survey.


About 670 wells have been inventoried in the parish; records of 
some of these wells are given in table 6 and their locations are 
shown on plates 1 and 2. Water-level fluctuations in the principal







4 GEOLOGY AND GROUND WATER, CALCASIEU PARISH, LA.


aquifers were measured in selected wells to determine changes in 
storage and effects of pumping. Drillers' logs, electrical logs, and 
pumping tests were the principal bases for determining the extent 
of the fresh-water-bearing sands. The ability of the aquifers to 
store and transmit water was determined by means of pumping tests. 
Water samples were obtained and analysed to determine the chemi 
cal constituents in the water and to outline areas yielding water of 
high salinity. The amount of water pumped in the area was com 
puted from reports by users, from the rating of individual wells 
used to irrigate rice, and from estimates of rural use based on popu 
lation. The maximum depth of occurrence of fresh ground water 
and the presence of deep aquifers in northern and central Calcasieu 
Parish were determined chiefly from electrical logs of oil-test wells.


PREVIOUS INVESTIGATIONS


Harris and Veatch (1905) were the first to report water levels, 
chemical analyses, and logs of wells in Calcasieu Parish. Jones 
(1950) described the occurrence of ground water in the vicinity of 
Lake Charles. He also named the "200-," "500-," and "700-foot" 
sands and determined the withdrawals and their effect on water 
levels. Coefficients of transmissibility and storage and data on the 
quality of water in the three sands also were presented. Jones, 
Turcan, and Skitbitske (1954) described the ground-water condi 
tions in Calcasieu Parish in detail in their report on southwestern 
Louisiana. A more recent paper (Jones and others, 1956) on the 
same area incorporates the earlier report. Piezometric maps of the 
principal aquifer in southwestern Louisiana for the period 1952-55 
are included in three reports published jointly by the Louisiana 
Geological Survey and the Louisiana Department of Public Works 
(Fader, 1954, 1955, and 1957).
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WELL-NUMBERING SYSTEM


All wells inventoried by the U.S. Geological Survey in Calcasieu 
Parish are designated by the prefix "Cu," a symbol for the parish, 
followed by a number denoting a specific well in the parish. Where 
possible, all wells are located to the closest 16th section within the 
proper township and range. A record of each well is kept on file, 
and the well's location is plotted on a map. Data on wells perti 
nent to this report are given in table 6, and the well locations are 
shown on plates 1 and 2.


LANDFORMS AND DRAINAGE


Calcasieu Parish lies in the West Gulf Coastal Plain (Fenneman, 
1938, p. 102). It is an area of low relief the altitude ranges from 
about 2 feet on the flood plains of the Sabine and Calcasieu Kivers 
to about 90 feet in the area northwest of DeQuincy. North of the 
Houston Kiver the land is somewhat hilly, and altitudes range from 
about 20 to 90 feet, whereas south of the Houston the land is a very 
flat plain whose altitude ranges from 25 feet near the river to about 
2 feet in the coastal marsh. The minimum slope of the coastwise 
Pleistocene terrace is about 2 feet per mile, whereas the slope of the 
Kecent flood plains generally is less than, and is dependent upon, 
the gradient of the streams which formed them. Meander scars, 
representing courses of ancestral streams, and pimple mounds are 
present on the Pleistocene surface throughout the parish. The pim 
ple mounds are low circular or elliptical hillocks, generally 30 to 
50 feet in diameter and about 1 to 5 feet in height (Jones and 
others, 1956, p. 25). Within the past 10 years farmers have made 
considerable use of land-leveling machinery to smooth out these 
irregularities because of their hindrance to irrigation and planting.


The flood plains are usually swampy in comparison to the sur 
rounding uplands; consequently, the plant growth on the flood 
plains is quite different from that on the better drained Pleistocene 
surfaces. The flood plains contain such trees as oak, gum, and
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magnolia, and a very dense undergrowth, whereas the Pleistocene 
surface not under cultivation contains grassland and pine trees.


The parish is drained by the Calcasieu and Sabine Rivers and 
their tributaries. One of the largest tributaries of the Calcasieu 
River is the Houston River, which, with its tributaries, drains 
most of the northwestern part of the parish.


CLIMATE


The climate of Calcasieu Parish is mild and is typically that of 
the Gulf Coast States. The average annual temperature for the 
period 1900-55 was 68 °F. The highest temperature recorded during 
this period was 104°F in August 1951, and the lowest was 12°F in 
January 1948. The coldest year was 1940, which had an average 
annual temperature of 65.7° F. The warmest year was 1927, which 
had an average annual temperature of 7l.3°F. The average annual 
rainfall for the period 1893-1955 was 57.82 inches. The wettest year 
was 1919, when there was 79.88 inches of rainfall; and the driest 
year was 1954, when there was 30.08 inches of rainfall. The annual 
precipitation at Lake Charles for the years 1893-1955 is shown on 
figure 2. During this period the greatest monthly rainfall was 
17.9 inches in June 1947, and the least was 0.05 inch in October 
1952. The normal monthly rainfall for the same period is shown 
on figure 3.
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6.93


Nov DecJan Feb Mar Apr May June July Aug .Sept
FIGURE 3. Graph showing the normal monthly precipitation at Lake Charles, La., for


the period 1893-1955.


GENERAL GEOLOGY


Calcasieu Parish lies within the Gulf Coastal Plain province and 
is immediately underlain by Eecent and Pleistocene deposits of 
Quaternary age. (See table 1.) These deposits occur throughout 
southern Louisiana and parts of northern Louisiana. In Calcasieu 
Parish they are underlain by southward-dipping sedimentary rocks 
of Tertiary age, which crop out in Texas and northern Louisiana.


TABLE 1. Stratigraphic column of Calcasieu Parish showing sources of fresh
ground water


Era


1 Cenozoic


Sys 
tem


Quarternary


Tertiary


Series


Recent


Pleistocene


Pliocene


Pliocene (?) 
and Mio 
cene.


Miocene(?)


Formation


Alluvium


Prairie forma 
tion. 


Montgomery 
formation. 


Bentley forma 
tion. 


Williana forma 
tion.


Foley formation


Fleming forma 
tion of Fisk 
(1940).


Catahoula for 
mation.


Faunal zone


Kangia johnsmi, 
Potamides
matsoni.


Discorbis, Hetero- 
stegina, Mar- 
ginvlina.


Aquifer


Chicot
. Shallow. 


"200-foot"
"500-foot" 


"700-foot"


Evangeline


Water-bearing properties


Yields small supplies for 
domestic use. Water 
is generally hard and 
contains iron.


Large quantities of hard 
water available. Indi 
vidual wells yield as 
much as 4,600 gpm.


Yields small to moderate 
quantities of soft water, 
reportedly as much as 
300 gpm.


Contains fresh water in 
northern part of parish.


Contains no fresh water.
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The outcrop belts of the sedimentary rocks of Quaternary and 
Tertiary age roughly parallel the gulf coastline from Texas to 
Florida except in the Mississippi River embayment area.


The surface contacts between the deposits of Recent and Pleistocene 
ages are not well defined everywhere, but in many places they are 
marked by a scarp or a slight change in the slope of the land surface 
and by dissimilar vegetation. However, because of similar lithologic 
character and lack of distinctive fossils, the deposits in the sub 
surface usually are extremely difficult to differentiate.


DEPOSITS OP RECENT AGE


Deposits of Recent age occur along the southern edge of the 
parish and in the Sabine and Calcasieu River valleys and some of 
their tributaries. These deposits were laid down in the Gulf of 
Mexico and in the valleys of streams. They generally consist of 
fine sand, silt, clay, and a few thin lenses of coarser sand. The 
deposits range from narrow belts along small streams to a maximum 
width of about 5 miles in the Calcasieu River basin.


DEPOSITS OF PLEISTOCENE AGE


Deposits of Pleistocene age crop out in almost all parts of 
Calcasieu Parish. During Pleistocene time, ice covered the northern 
part of the North American Continent at least four times. As a 
result of each of these glaciations, sea level was lowered and gulf- 
coast streams cut valleys while adjusting to new base levels. Melting 
of the ice resulted in great quantities of sediment being carried by 
streams southward from the glaciated areas and deposited on the 
Gulf Coastal Plain. This stream-transported sediment now forms a 
thick blanket over much of central and southern Louisiana. Fisk 
(1940, p. 175) identified and named four different depositional 
terraces (table 1) in north-central Louisiana which he correlated 
with the fluctuations of sea level during Pleistocene time. Three 
of these terraces the Prairie, the Montgomery, and the Bentley  
are exposed at the surface in Calcasieu Parish. The youngest 
terrace, the Prairie, covers most of Calcasieu Parish, extending 
from the southern edge to the Houston River. It occurs also along 
the Sabine and Calcasieu River valleys to the northern boundary 
of the parish. The Montgomery terrace extends northward from 
the Houston River to a northeast line about 2 miles north of 
DeQuincy. The Bentley terrace is present in a small area about 
2 miles northwest of DeQuincy. During the course of this study, 
no evidence was found that the subsurface deposits correlate with 
these terraces.


In a report on the ground-water resources of southwestern 
Louisiana, Jones (Jones and others, 1954, p. 138) named the system
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of aquifers formed by the Pleistocene deposits "the Chicot reservoir." 
To eliminate confusion with surface-water reservoirs, the name has 
been modified to "Chicot aquifer." (See table 1.) Generally, the 
Chicot aquifer consists of thick deposits of gravel, sand, and clay 
grading from fine material at the top to coarser material at the 
base. The base of the Chicot aquifer is usually identified as the 
base of the deepest gravel layer penetrated by wells (Jones and 
others, 1954, p. 62). In Calcasieu Parish the principal fresh-water 
bearing sands are the "200-," "500-," and "700-foot" sands, so named 
for the depths at which they occur in the Lake Charles industrial 
district (Jones, 1950). Although these sands are separate hydrologic 
units in most of Calcasieu Parish, they become one hydrologic unit 
just outside the northeast boundary of the parish. In Calcasieu 
Parish the base of the "700-foot" sand is considered to be the base 
of the Chicot aquifer. This correlation is the same as that deter 
mined from previous studies. In the industrial district the base of 
the Chicot aquifer, or Pleistocene deposits, is 900 feet below mean 
sea level. This conforms closely to determinations made by Fisk 
(1944, fig. 70) and Jones and others (1956, pi. 8), who show the 
contact between the Pleistocene and Tertiary deposits to be about 
1,000 feet below sea level in the industrial district.


DEPOSITS OF PLIOCENE AGE


Underlying the Chicot aquifer in Calcasieu Parish is the Evan- 
geline aquifer, which consists of a series of fine to medium «and, 
silt, and clay within the Foley formation of Pliocene age (Jones 
and others, 1956, p. 51). Typically these sediments are lignitic 
and are gray and blue to black as contrasted with the rusty-brown 
and buff sediments of the overlying Pleistocene strata. There are 
no known diagnostic markers, lithologic or fossiliferous, that enable 
correlation of the beds with others. According to Jones and others 
(1954, p. 57), the Foley formation lies near the surface in northern 
Beauregard, Alien, and Evangeline Parishes, where it is covered 
by a thin veneer of Pleistocene deposits. From this area the forma 
tion dips southward and is present throughout southwestern 
Louisiana.


The upper part of the Miocene beds immediately underlying the 
Foley formation is marked by the clam Rangia (Miorangia) 
johnsoni. Fisk (1944, fig. 68) maps the top of the Miocene beds 
at a depth of about 2,500 feet below mean sea level at Lake Charles. 
As the base of the deposits of Pleistocene age is about 700 feet below 
mean sea level (pi. 4), the Pliocene deposits are considered to be 
about 1,800 feet thick at Lake Charles. The data presented by 
Jones and others (1956, pi. 8) and Fisk (1944, fig. 68) indicate 
that the thickness of the Evangeline aquifer generally increases
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toward the south in Calcasieu Parish. At DeQuincy in the northern 
part of the parish, the thickness is about 1,000 feet. Considerable 
additional data are needed to establish definitely the age and 
correlation of sedimentary rocks of Pliocene age in Calcasieu Parish.


DEPOSITS OF MIOCENE AGE


Underlying the Pliocene deposits are the Fleming formation of 
Fisk (1940) and the Catahoula formation of Miocene(?) age. The 
top of the Rangw, johnsoni faunal zone is used to mark the top of 
the Miocene rocks by gulf-coast geologists (Fisk, 1944, fig. 68). 
These formations generally consist of lenticular beds of gray sand, 
silty clay, and clay that have a total combined thickness of about 
7,000 feet at DeQuincy (Fisk). However, because no water wells 
penetrate these deposits in Calcasieu Parish, formation samples for 
either lithologic or faunal determinations were not available for 
study.


STRUCTURE


Calcasieu Parish lies near the east-trending axis of the gulf-coast 
geosyncline, which coincides approximately with the Louisiana coast 
line. During subsidence of the geosyncline throughout Cenozoic time, 
thick wedge-shaped deposits of clay, silt, sand, and gravel were laid 
down. These deposits are thickest (about 30,000 feet) along the 
axis of the geosyncline.


Regional faulting of sedimentary rocks as young as Pleistocene 
has occurred in Calcasieu Parish in the vicinity of the Houston 
River (Jones and others, 1954, p. 100). Local deep-seated faults 
are commonly found during exploration for oil. Generally these 
faults have an eastward trend. This faulting may be related to: 
the Cascadian revolution (a period of considerable widespread 
crustal disturbance), which began in Miocene time and lasted well 
into late Pleistocene time; crustal instability related to the sub 
sidence that is occurring south of the Cameron-Calcasieu Parish 
line and the uplift occurring north of this line (Howe and others, 
1935, p. 37); and local penetration of salt plugs into the strata of 
Pleistocene age (Howe and others, 1935, p. 87).


Structural features such as salt domes show a marked effect on 
the occurrence of fresh ground water. (See pi. 9.) In Calcasieu 
Parish there are 24 oil or gas fields, of which 6 are associated with 
salt domes the Starks, Edgerly, Sulphur Mines, Iowa, Vinton, and 
Lockport. Some of these salt plugs have risen to within 1,200 feet 
of the surface and have resulted in faulting of the overlying and 
surrounding strata. These faults probably are restricted to the 
vicinity of the dome. Evidence of possible faulting in the vicinity 
of the Starks dome is indicated by the occurrence of salt-water-


506361 60   2
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bearing sand at a depth of less than 300 feet below sea level. (See 
pi. 9.) The irregularity of deposition during the Pleistocene with 
regard to thickness and distribution of individual beds makes the 
delineation of fault zones extremely difficult. Much more informa 
tion is needed to establish definitely the exact geologic and hydrologic 
relationship existing between geologic structural features and fresh 
water aquifers.


GENERAL HYDROLOGY


OCCURRENCE OF GROUND WATER


Ground water may be defined as that part of the subsurface water 
in the zone of saturation (Meinzer, 1923, p. 38). It is the water that 
is available to wells or is discharged through springs. The source 
of essentially all ground water is precipitation in the form of rain 
or snow; part of this precipitation runs off from the surface of the 
ground directly into lakes or streams, part is returned to the at 
mosphere by evapotranspiration, and the remainder percolates down 
to the water table, replenishing the aquifers. Ground water is dis 
charged from aquifers by means of wells; by movement into over 
lying or underlying aquifers; by springs; by effluent seepage to 
streams, canals, and lakes; and by evapotranspiration where the 
water table is near the land surface.


Ground water occurs under water-table conditions in areas where 
the water falling on the land surface can percolate downward 
through pore spaces in the ground to the zone of saturation. The 
upper surface of this zone of saturation is the water table. (See 
fig. 4.) Artesian conditions exist where the water-bearing formation


WATER-TABLE 
WELL NONFLOWING 


("ARTESIAN WELL


-WATER TABLE


FLOWING
CARTESIAN WELL


PIEZOMETRIC 
SURFACE


FIGURE 4. Idealized section showing water-table and artesian conditions.
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(aquifer) is overlain by a less permeable formation (aquiclude) and 
the water in the aquifer is under hydrostatic pressure, rising above 
the aquifer in wells penetrating it. The piezometric surface is an 
imaginary surface representing the height, with reference to a 
common datum such as sea level, to which water will rise in a well 
tapping an artesian aquifer. Throughout Calcasieu Parish the 
water in the principal water-bearing sands is under artesian pressure 
and thus, although not flowing, the wells in these sands are con 
sidered to be artesian wells.


HYDRAULIC CHARACTERISTICS


The amount of water that a material can hold is a direct function 
of its porosity. Where the pore spaces are large and interconnected, 
as they commonly are in sand and gravel, water is transmitted more 
or less freely, and the material is said to be permeable. Where the 
pore spaces are small, as in clay, water is transmitted slowly and 
the clay is said to be semipermeable or impermeable. Alluvial de 
posits of sand and gravel usually are very permeable and are 
considered good aquifers. Clay and silt deposits are relatively 
impermeable and are considered poor aquifers, even though they 
usually have a higher porosity than sand and gravel. A measure of 
the ability of a material to transmit water is given by the field 
coefficient of permeability (P/), which may be defined as the rate 
of flow of water in gallons per day through a cross-sectional area 
of 1 square foot under a hydraulic gradient of 100 percent at the 
prevailing ground-water temperature. The field permeability (Pf) 
multiplied by the thickness of the aquifer (m), in feet, is equal to 
the coefficient of transmissibility (T). The coefficient of trans- 
missibility usually is determined in the field by pumping tests and 
may be defined as the number of gallons of water transmitted in 
1 day through a vertical strip of the aquifer 1 foot wide having a 
height equal to the saturated thickness of the aquifer under a 
hydraulic gradient of 100 percent at prevailing ground-water tem 
perature. Under certain conditions the coefficient of storage ($) 
may be determined concomitantly with the coefficient of trans 
missibility. The coefficient of storage of an aquifer represents the 
volume of water released from storage or taken into storage per 
unit surface area of the aquifer per unit change in the component 
of head normal to that surface. These two coefficients are the 
principal hydraulic characteristics of an aquifer used in computations 
of ground-water flow.


PUMPING TESTS


The data obtained from pumping tests using one or more observation 
wells are used to calculate transmissibility and storage coefficients. 
Theis (1935, p. 519-524), utilizing an analogy of the flow of ground
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water to the flow of heat by conduction, developed the nonequilibrium 
formula for computing the coefficients of storage and transmissibility. 
The formula is 


(1)
s uTt~


where 
s is drawdown, in feet, at observation well
Q is discharge, in gallons per minute
T is coefficient of transmissibility, in gallons per day per foot
r is distance, in feet, from observation well to pumped well
S is coefficient of storage
t is time, in days, since pumping started.


The Theis nonequilibrium formula assumes that the aquifer is of 
infinite areal extent and uniform thickness and is homogeneous and 
isotropic (conducts water with equal facility in all directions), that 
the coefficients of transmissibility and storage in the aquifer remain 
constant at all times and places, that the pumped well is of in 
finitesimal diameter and completely penetrates the aquifer, and 
that water is released from storage instantaneously with a decline 
in artesian head. From the formula, it is apparent that the rate 
of drawdown in an observation well is directly proportional to the 
discharge rate of the pumping well. Therefore, for any value of 
transmissibility and storage at any time and distance, an increase or 
decrease in the discharge rate will cause a proportionate increase or 
decrease in the theoretical drawdown; for example, doubling the 
discharge rate will double the theoretical drawdown.


During this study, pumping tests were made in the winter when 
pumping for irrigation was negligible and industrial requirements 
were at a minimum, and a maximum number of observation wells 
could be used without adversely affecting normal operations. How 
ever, despite determined efforts of well owners to regulate pumping, 
it was not possible to make long-period pumping tests because of 
varying discharge rates caused by the breakdown of equipment and 
fluctuations in normal line pressure. During the tests, discharge 
measurements were made by means of water meters, orifices, Cox 
flowmeters, and the trajectory method. Depth-to-water measure 
ments in wells were made by using electric tapes, steel tapes, and 
water-stage recorders readable to the nearest hundredth of a foot. 
For a period before each test, water levels were measured to deter 
mine the water-level trend, for use in adjusting the water-level 
drawdown or recovery data obtained during the test.


The coefficients of transmissibility and storage were determined as 
follows (Wenzel, 1942, p. 87): The adjusted drawdown or recovery
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values were plotted against time on logarithmic paper and the 
resulting curve was matched, by superposition, with a type curve 
derived from the Theis nonequilibrium formula. After matching 
with the type curve, values of TF(tt), w, drawdown (s), and time (t) 
were obtained for substitution in the formula. To facilitate com 
putations, these values were determined by selecting a match point 
on the observed data graph where W(u) and u are equal to 1. A 
typical plot of observed data and its relation to the type curve is 
shown in figure 5.
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FIGTJRB 5. Graph of results obtained from a pumping test in well Cu-590 in the 
Lake Charles industrial district.


The Theis formula, as modified by Ferris (1948) and by others, 
can be used to determine the presence of hydrologic boundaries. 
However, owing to test-time limitations no effects of hydrologic 
boundaries, either recharge or barrier, were shown by the drawdown 
and recovery curves. Future pumping tests made over a longer 
period of time may indicate the presence of boundaries and supple 
ment the available geologic and hydrologic information.


The calculated storage coefficients indicate that water in the 
"200-," "500-," and "700-foot" sands is under artesian conditions. 
The values of transmissibility, permeability, and storage calculated 
from data obtained during pumping tests, length and type of tests, 
wells used, owners, aquifers tested, and sand thicknesses are listed 
in table 2. As the coefficient of transmissibility is a function of the
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aquifer's permeability and thickness, a thickening or thinning of 
the aquifer will, if the permeability is constant throughout the 
aquifer, produce a corresponding change in value of the coefficient 
of transmissibility. The effect on drawdowns caused by changes 
in the coefficient of transmissibility is shown on figure 6. Graphs


70
10,000


Tt
0 =1000 gpm 
S =5» ICf4 


r =lOOOft 


I =365 days 
s = Drawdown, infest


100,000 
TRANSMISS4BILITY. T, IN GALLONS PER DAY PER FOOT


1,000,000


FIGDEE 6. Graph showing the theoretical drawdown In infinite aquifers having different 
coefficients of transmissibility.


showing the theoretical effects of pumping from aquifers having 
transmissibility and storage coefficients determined for each prin 
cipal sand are included in the section "Eock formations and their 
water-bearing properties."


The effect on water levels of pumping in a well field also can be 
predetermined using the coefficients of transmissibility and storage. 
For example, in table 3 the drawdown of water levels are tabulated 
for a field consisting of four wells, 8 inches in diameter, tapping 
an ideal aquifer. These computations are based on the following 
assumptions: The distance between the wells is as shown in table 4; 
all wells started pumping simultaneously at a rate of 1,500 gpm 
each for 100 days; the coefficients of transmissibility and storage 
are 200,000 gpd per foot and 0.0005, respectively; and the wells have 
an efficiency of 100 percent.


A well assumed to be 100 percent efficient is a discharging well in 
which the water level is at the same level as that immediately out 
side the well that is, a well in which there are no well-entrance 
losses. Because of construction factors, such as incomplete well
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TABLE 3. Theoretical drawdown, in feet, in 4 wells pumping 1,600 gpm each for 
100 days under assumed conditions


Well


!___ __ _______
2_ _ _ __________
3-___ ___ . _____
4_____ _______


Total drawdown _ ______


l


1Q 0
11.4
9. 6
Q 1


40 1


2


11.4
19.0
10. 0


9. 1


40 5


3


9.6
10.0
19.0
9.8


48.4


4


9.1
9. 1
9.8


19.0


47.0


TABLE 4. Distance, in feet, between wells listed in table 3


Well


1 __ _ __ _
2___. ___ ___ __ . _____ .._.
3____ _ _ .
4___ _____


l


0
100
300
400


2


100
0


240
410


3


300
240


0
280


4


400
410
280


0


development and improper selection of screen apertures, the meas 
ured drawdown in a pumped well is usually greater than the theo 
retical drawdown.


SPECIFIC CAPACITY


The specific capacity of a well is defined as the yield per unit of 
drawdown of water level in the well for a given time. It is com 
monly expressed in terms of gallons per minute per foot of draw 
down (gpm per foot). The specific capacity of a well is depend 
ent primarily on the well's effective diameter, the degree of devel 
opment or efficiency of the well, and the transmissibility of the 
formation.


Specific-capacity data may be used to:
1. Compare the capabilities of different aquifers to yield water 


to wells. Wells screened in the Chicot aquifer have average re 
ported and measured specific capacities of 24 to 40 gpm per foot, 
whereas wells screened in the Evangeline aquifer have specific capac 
ities ranging from 2 to 20 gpm per foot (Jones and others, 1954, 
p. 132). This difference indicates the greater ability of the Chicot 
aquifer to yield water to wells.


2. Measure the well efficiency or determine the adequacy of ~well 
development. Specific capacities determined during the course of 
development of a new well will increase to an optimum value, de 
pending on the hydraulic characteristics of the aquifer and on the 
construction of the well. On the basis of the average coefficients 
of transmissibility and storage determined for the "500-foot" sand 
in the industrial district, a 12-inch well, 100 percent efficient, has a 
theoretical specific capacity of 80 gpm per foot at the end of 1 day 
of continuous pumping. The observed specific capacities of "500-
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foot" wells generally are about 40 gpm per foot. Theoretically, 
therefore, the wells have an average efficiency of about 50 percent. 


3. Determine optimum pumping rates. Figure 7 is a plot of spe 
cific capacity and discharge for well Cu-95, an industrial well in 
Calcasieu Parish. It shows that as the pumping rate increases above 
600 gpm the specific capacity decreases. The decrease, probably the 
result of a change from laminar to turbulent flow in the vicinity of


^
n
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E->


^***.
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700 800 900


FIOURH 7. Graph showing relation of specific capacity and yield of well Cu-95.


the well screen, indicates the critical discharge or optimum pumping 
rate for well Cu-95 to be about 600 gpm.


4. Indicate whether the decline in yield of a well is caused by 
well or pump failure. If the yield of a well declines but the spe 
cific capacity remains unchanged, the decline in yield is the result 
of declining areal water levels or faulty pumping equipment, 
whereas, if a decline in yield is accompanied by a decrease in spe 
cific capacity, the efficiency of the well has declined and the need 
for redevelopment is indicated. For example, in 1942 the specific 
capacity of well Cu-95 was 32 at a yield of 1,500 gpm, and in 1956 
the specific capacity was about 6 at an optimum yield of 600 gpm. 
(See fig. 7.)


WATEB-LEVEL FLUCTUATIONS


Water levels in wells penetrating an artesian aquifer fluctuate 
continuously, owing to pumping and to natural causes such as baro 
metric and tidal changes, and natural discharge. Changes in baro 
metric pressure are usually reflected as diurnal and longer term 
changes of water levels in wells. Changes in tide level often pro 
duce subdued changes of water level in wells adjacent to tidal 
waters. An increase in barometric pressure produces a decline of 
the water level in an artesian well, by forcing water out of the well 
into the aquifer. Conversely, a rise in tide level produces a rise in 
water levels in artesian wells because of the increased load and 
consequent compression of the aquifer. Another loading effect that 
may cause water levels to fluctuate in wells is the weight of trains
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that pass nearby. Water-level fluctuations and the effects of a pass 
ing train are shown on the hydrograph for well Cu-TT (fig. 8). The 
small jogs, or vertical lines, are caused by rapid compression of the 
aquifer when the trains are passing the well. The larger decline 
and subsequent recovery of water levels shown on figure 8 were 
caused when nearby wells were turned on and off.


FEB 10 FEB II FEB 12 FEB 13 FEB 14 FEB 15 FEB 16 
FIGOEB 8. Graph showing water-level fluctuations in well Cu-77 for the period 


February 10-16, 1955.


Although shallow water-table wells are directly and rapidly 
affected by changes in the amount of rainfall, there have been no 
observed water-level changes in wells in the "200-," "500-," and 
"700-foot" sands in Calcasieu Parish due to normal variations in 
precipitation. However, changes in temperature and rainfall affect 
the quantities of water used; this indirectly affects the water levels. 
Water levels in wells are lowest during the summer when water 
use is highest. The period of low levels may or may not coincide 
with a period of low rainfall.
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RECHARGE AND DISCHARGE


Recharge to water-bearing sands in Calcasieu Parish is from 
precipitation and by movement of ground water into the parish 
from surrounding areas.


. Recharge to the shallow sands of Recent age is by the movement 
of water from the land surface downward to the water table. Water 
levels in wells penetrating these deposits usually rise soon after 
a rain, especially when the soil is not dry enough to absorb all the 
water before it reaches the water table. Water levels in some 
water-table wells adjacent to streams rise and fall with stream 
levels, indicating that the stream serves both as a source of recharge 
and a means of discharge.


Recharge to the Chicot aquifer occurs principally in the outcrop 
areas in Beauregard, Alien, Rapides, and Evangeline Parishes. A 
part of the rainfall in these areas enters the aquifer and moves 
laterally to points of discharge. In general, the amount of water 
received is greater than the amount that can be transmitted down- 
dip, and consequently the excess water is rejected in the recharge 
area. Many of the streams there, such as the Calcasieu River and 
some of its tributaries, are hydrologically connected to the aquifer 
and may serve as a source of recharge or an area of discharge.


The permeability of the clays within and above the Chicot aquifer 
has not been accurately determined. Locally, however, substantial 
amounts of recharge to the "500-foot" sand may occur by downward 
movement of water from the "200-foot" sand, or by upward move 
ment from the "700-foot" sand, through clays in areas where the 
piezometric surface in the "500-foot" is lower than that in the 
"200-" and "700-foot" sands. A quantitative estimate of recharge 
from these sources is given elsewhere in the report under "Vertical 
movement" in the section "Depth of occurrence of fresh ground 
water."


Discharge from the Chicot aquifer occurs by natural means and 
by pumping from wells. In the recharge area of the aquifer, the 
rejected recharge is discharged naturally into streams; and where 
the water level is near the land surface, large quantities of water 
are discharged by evapotranspiration. Prior to the start of intensive 
pumping of wells in Calcasieu Parish, discharge also occurred 
downdip by vertical leakage of water through the confining beds 
into other aquifers, into streams, and into the Gulf of Mexico.


Recharge to the Evangeline aquifer occurs in its outcrop area 
where rain falls on the exposed surface. The water then moves 
downdip in the aquifer to points of discharge. Discharge from 
this aquifer in Calcasieu Parish is principally by upward move 
ment through overlying beds into the Chicot aquifer. The amount







GENERAL HYDROLOGY 23


of water moving from the Evangeline aquifer into the Chicot aquifer 
is not now known, but it depends on the thickness and permeability 
of the intervening beds and the head differential between the 
aquifers.


QUALITY OF WATER


The mineral matter in fresh ground water is derived from the 
soil and rocks through which the water passes. All minerals are 
soluble in water to some extent; common salt is readily soluble, 
whereas quartz is considerably less soluble. Limestone is soluble 
in water containing carbon dioxide. Because fresh ground water 
moves very slowly through some rocks, there is adequate time for 
solution to take place and the water to become mineralized. If a 
velocity of 0.5 foot per day is assumed, water entering the aquifer 
in southern Beauregard Parish and removed from the ground in 
central Calcasieu Parish, a distance of 24 miles, would have nearly 
700 years in which to assimilate rock materials. Generally, water 
bearing sands containing large quantities of calcium, magnesium, 
iron, and aluminum minerals yield hard water, and aquifers com 
posed of pure quartz sand will yield soft water. Some hard waters 
may become softened by passing through sediments containing 
natural zeolites, which exchange adsorbed sodium for the calcium 
and magnesium in the water.


Water samples from selected wells throughout the parish were 
collected and analyzed. The results of analyses made available by 
companies in the industrial district are included in table 7 in addi 
tion to the results of analyses made in the Quality of Water 
laboratory, Austin, Tex., of the U.S. Geological Survey and field 
determinations of chloride.


The concentrations of certain dissolved constituents in drinking 
water (U.S. Public Health Service, 1946, p. 371-384), which pre 
ferably should not be exceeded in potable water used on interstate 
carriers, are shown below:


Concentration 
Constituent (ppm)


Iron and manganese (Fe and Mn) ______________________ 0.3
Magnesium (Mg) _________________________________ 125
Sulfate (SO4) ___________________________________ 250
Chloride (Cl) ___________________________________ 250
Dissolved solids _________________________________ 500


A concentration of dissolved solids of 1,000 ppm is permissible 
if water of better quality is not available. The concentration of 
fluoride must not exceed 1.5 ppm.


The National Research Council (Maxcy, 1950) in relating nitrate 
concentrations to the occurrence of methemoglobinemia (blue baby 
disease) recommends an upper limit of 44 ppm of nitrate as NO3 in 
water used for infant feeding.
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Because the amount of salt in irrigation waters in southwestern 
Louisiana is often expressed as grains per gallon, figure 9 was 
prepared so that the concentration of chloride in parts per million 
can be converted approximately to grains per gallon of sodium


CHLORIDE CONTENT, IN PARTS PER MILLION 1


APPROXIMATE SALT (NaCI) CONTENT. IN GRAINS PER GALLON 
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FIGURE 9. Chart for converting parts per million of chloride to grains per gallon of


sodium chloride (NaCI).


chloride. This conversion graph is based on the assumption that 
all the chloride present in the water is the result of the solution 
of sodium chloride.


TEMPERATURE OF GROUND WATER


The temperature of ground water is often of great importance 
to industries contemplating use of the water. Ground water usu 
ally has a more uniform temperature than surface water; conse 
quently, it is more desirable for certain industrial uses. The 
temperature of water from the 3 principal aquifers in Calcasieu 
Parish ranges from 70° to 79°F. Temperatures of water pumped 
from wells in the "200-," "500-," and "700-foot" sands are shown 
in figure 10. The variations of temperature in wells of the same 
depth may be due to friction in the pump and casing, method of 
measurement, entrance of water at different levels in different wells 
penetrating the same sand, or slight local variations in temperature 
at the same depth at different places in a given aquifer. A line 
drawn through the greatest concentration of points indicates that 
there is a 1°F rise in temperature for about each 70-foot increase 
in depth. This thermal gradient is in general agreement with that 
determined in other sections of Louisiana (Meyer and Turcan, 1955, 
p. 72).
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ROCK FORMATIONS AND THEIR WATER-BEARING
PROPERTIES


Ground water occurs in deposits of Recent, Pleistocene, Pliocene, 
and possible Miocene age in Calcasieu Parish. These deposits, con 
sisting of unconsolidated gravel, sand, silt, and clay, contain fresh 
water to maximum depths ranging from about 250 feet to about 
2,500 feet.


The deposits of Kecent age are of small areal extent and supply 
only small quantities of water to wells. The deposits of Pleistocene 
age contain thick, extensive water-bearing beds that supply prac 
tically all the ground water used in Calcasieu Parish. In the 
northern part of the parish, deposits of Pleistocene age contain 
fresh water throughout their entire thickness, whereas in the south 
ern part salt water is present in the lower part of the deposits. 
Data from electrical logs of oil-test wells indicate that the deposits 
of Pliocene age contain fresh water only in the extreme northern 
part of Calcasieu Parish. At present there are no known fresh 
water wells screened in these deposits in Calcasieu Parish; however, 
because of the lack of necessary data it is difficult to correlate exactly 
the various formations in the vicinity of DeQuincy with known 
aquifers to the south, and it is possible that the sands below a depth 
of 500 feet (at DeQuincy) are of Pliocene age. Deposits of this 
age supply moderate quantities of water in Beauregard, Alien, and 
Evangeline Parishes.
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DEPOSITS OF RECENT AGE


Shallow wells in deposits of Recent age supply small quantities 
of water in Calcasieu Parish. These wells are generally less than 
50 feet in depth and yield an average of only 2 to 3 gpm. The 
sands in which the wells are bored or dug range from 1 to 10 feet 
in thickness and are local in extent. The exact thickness and areal 
extent of the sand phase of the Recent deposits has not been de 
termined; consequently, it is difficult to estimate the hydrologic 
characteristics and potential yields of these deposits. The water 
is moderately hard and in some places is contaminated, as indicated 
by a chloride content as high as 1,300 ppm.


DEPOSITS OP PLEISTOCENE AGE


Locally in Calcasieu Parish there are shallow beds of Pleistocene 
age in the Chicot aquifer which provide small quantities of water 
for domestic and stock uses. However, the principal water-bearing 
sands in the Chicot aquifer in Calcasieu Parish are the "200-foot," 
the "500-foot," and the "700-foot" sands. (See pis. 3 and 4.) The 
"200-foot" sand supplies water to irrigation and public-supply wells 
in the eastern part of the parish and to several industrial wells in 
the central part of the parish. It is also the primary source for 
domestic wells. The "500-foot" sand is the most heavily developed 
aquifer in the parish and is the principal source of ground water 
for industrial needs and irrigation. The "700-foot" sand supplies 
water to the cities of Lake Charles and DeQuincy, to a few nearby 
industries, and to irrigators in the south-central part of the parish.


CHICOT AQUIFER


SHALLOW SANDS


A few wells in the southern and central areas of the parish re 
portedly yield water from a bed of oyster shells and associated beds 
of silty sand, which occur locally at depths of about 100 feet. 
These beds usually yield small quantities (less than 100 gpm) of 
hard water for rural supplies. Locally shallow sand lenses, pene 
trated by bored, dug, or drilled wells, supply small quantities of 
ground water for domestic and stock uses throughout the parish. 
Two wells at the Lake Charles Air Force Base are used for water 
ing animals and have yields of 50 gpm. The amount of water 
withdrawn from these deposits is probably less than a quarter of 
a million gallons per day and is not considered in the section on 
"Withdrawals and their effects."


Locally, water from shallow wells adjacent to streams containing 
salt water may become contaminated when the stream levels are 
higher than the ground-water levels. It has been reported that
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some shallow wells in the vicinity of the Houston River yielded 
water of high chloride content. However, there is no apparent 
contamination of the underlying sands from this source, as indicated 
by the chemical analyses of water from the "200-foot" sand in this 
vicinity (table 7).


"200-FOOT" SAND


Distribution and thickness. The "200-foot" sand, as shown by the 
fence diagram (pi. 3) and cross sections A-A' and B-B' (pi. 4), 
extends under the entire parish but is irregular in thickness and 
depth. In general, the sand is thickest in the southeastern part of 
the parish. For example, the log of well 26 (pi. 3) shows the sand 
to be 200 feet thick, and that its top is at a depth of 180 feet. At 
the eastern edge of the parish the sand is 190 feet thick and occurs 
at a depth of 85 feet. (See well 8, pi. 3; well 20, pi. 4.) In the 
industrial district, well Cu-92 (well 16, pi. 4) shows the sand to be 
70 feet thick and to occur at a depth of 165 feet. At the western 
edge of the parish the sand is 20 feet thick in well 12 (pi. 4) and 
is at a depth of 175 feet. Although not shown on plates 3 and 4, 
the "200-foot" sand in the southwestern part of Calcasieu Parish 
splits into two, three, or more separate sands. The general dip of 
the top of the "200-foot" sand is southward at a rate of 4 to 10 feet 
per mile; however, rapid changes in thickness may locally cause 
the dip to vary considerably, as in the southwestern part of the 
parish were it increases to 50 feet per mile. (See pi. 6.) The out 
crop and recharge area of the "200-foot" sand is in northern Calcasieu 
and southern Beauregard Parishes, where in many places it is 
covered by a clay layer up to 75 feet thick. Where the clay layer 
is very thick, probably little recharge occurs; however, where it is 
quite thin or nonexistent, large amounts of water can move down 
into the sand. It is probable that permeable deposits, contained 
in the old stream valley now occupied by the upper reaches of the 
West Fork of the Calcasieu River, locally penetrate through the 
clay layer and provide a means of recharge to the "200-foot" sand 
when ground-water levels are below stream levels.


Generally, the "200-foot" sand grades from fine to medium sand 
at the top to a coarse sand or gravel at the base. In some places, 
as at Sulphur, the finer materials predominate; in the vicinity of 
Holmwood, however, there is a complete sequence from fine to 
coarse sand. The results of mechanical analyses of formation sam 
ples from well Cu-560, in the industrial district, are presented in 
figure 11. The sand grains making up the formation are dominantly 
subangular quartz grains slightly iron stained, with a small per 
centage of dark minerals. Where present, the gravel is made up 
of chert pebbles.
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FIGURB 11. Cumulative curves showing grain size of materials from the "200-foot" sand.


Hydrology. The> "200-foot" sand is used mainly to supply water 
for domestic and irrigation purposes. In the western part of 
Calcasieu Parish where the aquifer is thin, it provides water only 
for domestic use; in the central part it provides water for industrial 
use. In the eastern part of the parish, it is the principal source 
of water for irrigation and public supply.


Within the industrial district there are two large-capacity wells 
in the "200-foot" sand. One well had a reported specific capacity of 
50 gpm per foot of drawdown at a yield of 2,000 gpm when installed 
in 1940. In the eastern part of the parish, where the "200-foot" 
sand supplies most of the water used for irrigation, yields of 10 
wells listed in table 7 range from 1,800 gpm to 4,500 gpm and 
average 2,800 gpm. The results of a pumping test using wells 
Cu-90 and Cu-88 (at Westlake) indicate an average permeability 
of 800 gpd per square foot for the "200-foot" sand in the industrial 
district (table 2). The average coefficients of transmissibility (T) 
and storage (S) determined from a test using wells Cu-497 and 
Cu-633 in the vicinity of Holmwood are 260,000 gpd per foot and
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0.00086, respectively. The average permeability of the "200-foot" 
sand in this area is 1,500 gpd per square foot. The variation in 
permeability in the "200-foot" sand is typical of the Chicot aquifer 
throughout southwestern Louisiana and is usually due to texture, 
changes. At Holmwood, where the texture of the aquifer grades 
from fine to coarse sand, the permeability is about 60 percent 
greater than at Westlake, where the aquifer is composed primarily 
of finer materials.


The curves in figures 12 and 13 were computed by using the 
above-mentioned average coefficients of transmissibility and storage 
determined for the "200-foot" sand in the Holmwood area. These 
curves do not take into consideration hydrologic boundaries and 
changes in the character of the aquifer that might exist. The 
distance-drawdown curve in figure 12 shows that a well pumping 
1,500 gpm for 100 days would cause a theoretical drawdown of 
about 6.0 feet at a distance of 1,000 feet. The time-drawdown 
curve (fig. 13) shows that a well pumping 1,500 gpm for 1,000 days 
would cause a drawdown of 7.5 feet at a distance of 1,000 feet.


Quality of water. Chemical analyses of water from the "200- 
foot" sand are given in table 7. The water generally is of the sodium 
bicarbonate type, but it contains sufficient calcium and magnesium 
as to make it moderately hard to hard. Generally the iron content 
is less than 1 ppm; however, locally it may be as high as 8.5 ppm, 
as shown by the analysis for well Cu-347. The temperature of the
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water averages about 72°F. The chloride content of water from 
this sand is generally less than 100 ppm, except in the eastern part 
of the parish where it is as much as 300 ppm and the dissolved 
solids are as high as 700 ppm. (See analyses for wells Cu-347, 
Cu-640, and Cu-642.)


"500-FOOT" SAND


Distribution and thickness. The "500-foot" sand is the principal 
aquifer in Calcasieu Parish. Its distribution throughout the parish 
is illustrated by cross sections A-A' and B-B' (pi. 4) and the fence 
diagram (pi. 3). The aquifer has a maximum thickness of 310 feet 
in the north-central part of the parish, as shown by the log of well 
13 on plate 4, and a minimum thickness of about 25 feet in the 
southeast corner of the parish, as shown by well 26 on plate 3. 
The variation in thickness throughout the parish is shown by 
isopach contours on plate 7. The exact correlation of the "500-foot" 
sand northward from Sulphur to the parish line is tentative, owing 
to the irregularity of the beds and a lack of adequate subsurface 
information. In the southwest corner of Calcasieu Parish, the "500- 
foot" sand is between the depths of 590 and 750 feet; at Vinton 
it is between the depths of 410 and 600 feet and contains a clay 
layer between 470 and 500 feet. Within the industrial district the 
sand is about 170 feet thick between the depths of 390 and 560 feet 
in well Cu-74, and 200 feet thick (including a 10-foot clay bed) 
between the depths of 330 and 530 feet in well 16 (pi. 4). At well 1
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(pi. 4), in the vicinity of DeQuincy, the "500-foot" sand is about 
195 feet thick between the depths of 165 and 360 feet, and at Iowa, 
in the eastern part of the parish, it lies between the depths of 440 
and 500 feet. (See well 20, pi. 4.)


Southwest of the industrial district, at well Cu-453, there is a 
sand between the depths of about 170 and 345 feet which appears 
to be of local extent; however, a study of water levels measured 
in this well indicates that it is hydrologically connected with the 
"500-foot" sand.


The "500-foot" sand dips southward from the outcrop area in 
central Beauregard and Alien Parishes at an average rate of 18 feet 
per mile. North of the industrial district, the average rate of dip 
is 18 feet per mile, whereas south of this area it increases to about 
40 feet per mile. Locally the dip may vary considerably, owing 
to the unevenness of both the top and the bottom of the aquifer.


The material composing the "500-foot" sand is gray to brownish 
and usually ranges from fine sand at the top to coarse sand and 
gravel near the base. Kesults of the mechanical analyses made of 
sand samples from the "500-foot" sand are shown on figure 14*
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FIGURE 14. Cumulative corves showing grain size of materials from the "500-foot" Band.
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The sand consists dominantly of subangular quartz grains (a few 
iron-stained) and some dark minerals. The gravel is composed 
mostly of chert pebbles. Chunks of carbonized wood are often 
found in drill cuttings from layers where large logs were deposited 
with the sand and gravel. (See driller's log of well Cu-653 in 
table 8.)


Hydrology. The "500-foot" sand is the most heavily developed 
aquifer in Calcasieu Parish. (See table 5.) It supplies water to 
the towns of Sulphur, Edgerly, and Vinton, La., and Orange, Tex.; 
to a large number of irrigation wells in the area; and to most of the 
industries. The amount of water withdrawn from the "500-foot" 
sand for each use in 1955 is given in table 5. The "500-foot" sand 
is not utilized to a large extent as a source of supply in the south 
eastern part of the parish, where it is relatively thin and consists 
of fine sand.


Reported yields from industrial wells screened in the "500-foot" 
sand range from 600 to 2,000 gpm. The reported specific capacities 
of industrial wells range from about 6 to Y5 gpm per foot of draw 
down and average 40. Irrigation wells, pumped to open discharge 
generally have greater yields than industrial wells. For example, 
the measured yields from two irrigation wells, Cu-635 and Cu-639, 
were 3,800 and 2,500 gpm, respectively.


The hydraulic characteristics of the "500-foot" sand were de 
termined by pumping tests made at six separate sites using existing 
industrial and irrigation wells. The values of the coefficients of 
transmissibility, storage, and permeability are given in table 2. In 
the industrial district the average values determined are coefficient 
of transmissibility, 190,000 gpd per foot; coefficient of storage, 
0.00054; and coefficient of permeability, about 1,200 gpd per square 
foot. The permeability of the "500-foot" sand in the northern part 
of the parish as determined from a test made at well Be-359 (about 
half a mile northeast of well Cu-208) is about 2,000 gpd per square 
foot (table 2), whereas to the south in the vicinity of the Calcasieu- 
Cameron Parish boundary the permeability decreased to about 1,000 
gpd per square foot. (See results of tests of wells Cu-263 and 
Cu-59 in table 2). This variation in permeability is due to textural 
changes within the "500-foot" sand from south to north, where the 
coarser materials predominate. The average coefficient of trans 
missibility determined from pumping tests for the "500-foot" sand 
in Calcasieu Parish is 200,000 gpd per foot, which compares reason 
ably well with that (300,000 gpd per foot) determined from a 
geometric analysis of piezometric maps (Jones and others, 1954, 
p. 149).


On the basis of the assumptions that the aquifer is homogeneous, 
infinite in areal extent, and without lateral boundaries, and making
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use of the above-mentioned coefficient of transmissibility of 200,000 
gpd per foot and an average storage coefficient of 0.00054, the 
curves in figures 15 and 16 were prepared. The graph in figure 16 
shows that after 1 year of continuous pumping at 1,500 gpm water
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levels at a distance of 1,000 feet from the pumping well would 
decline about 9 feet.


Quality of water. Chemical analyses of water from wells screened 
in the "500-foot" sand (table 7) show the water to be moderately 
hard and to have a pH range from 6.7 to 8.6. The average of dis 
solved solids is 302 ppm and the chloride content is generally low 
in the northern and central parts of the parish where the average 
is about 30 ppm. Immediately south of the parish line in Cameron 
Parish, several irrigation wells yield water having a chloride content 
of 300 to 500 ppm. However, water samples collected in the 
southern part of Calcasieu Parish show no widespread salt-water 
contamination. Concentrations of chloride of more than 600 ppm 
are found locally above salt dome structures. (See analyses for 
well Cu-585 in table 7.) The total iron content ranges from 0.04 
to 11 ppm, and the average for 28 samples (table 7) is 2.3 ppm. 
The temperature of the water averages 74°F.


"700-FOOT* SAND


Distribution and thickness. The "700-foot" sand supplies water 
to industries and irrigators and is the source for public supply at 
Lake Charles. (See table 5.) The sand is at a depth of about 
700 feet in the industrial district near Lake Charles. As shown by 
the fence diagram and the cross sections (pis. 3 and 4), the "700- 
foot" sand is rather thick and is continuous throughout the parish. 
In several places, clay layers divide the aquifer into two or three 
separate layers; however, because the clay layers are not continuous, 
the sands are considered to be hydrologically connected. The 
aquifer has a total thickness of 220 feet in the industrial district. 
(See well 7, pi. 4.) It is about 205 feet thick in the eastern part of 
the parish (see well 20, pi. 4), 90 feet thick in the western part 
of the parish (see well 16, pi. 3; well 11, pi. 4), and 60 feet thick 
in the vicinity of DeQuincy in the northern part of the parish 
(see well 1, pi. 4).


The regional dip of the sand between wells 1 and 10 on plate 4 
is southward at about 10 feet per mile. The dip varies greatly, 
as shown by cross section A-A* (pi. 4) and by the contours drawn 
on the top of the "700-foot" sand shown on plate 8. In the central 
part of the parish, the dip is nearly flat as far south as the Sulphur 
mines in the vicinity of Sulphur, whereas in the area due south of 
Sulphur it increases to about 10 feet per mile. In the vicinity of 
Moss Lake, the rate of the southward dip increases to 50 feet 
per mile.


The "700-foot" sand is generally tan to grayish and grades from 
fine at the top to coarse at the bottom, as shown by the cumulative 
curves in figure 17. The grains are less iron stained and generally
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FIGUKB 17. Cumulative curves showing grain size of materials from the "700-foot" Band.


better rounded and finer than those in the "500-foot" sand.
Hydrology. In 1955 there were eight large-capacity industrial 


wells screened in the "700-foot" sand. The city of Lake Charles 
derives its entire municipal water supply from six wells screened 
in this sand. The reported original yields from the municipal 
wells were about 1,200 gpm, and their reported specific capacities 
about 32 gpm per foot of drawdown. The reported yields of 15 
industrial wells ranged from 800 to 2,200 gpm and averaged 1,500 
gpm. The average specific capacity of 7 of these wells was 30 gpm 
per foot of drawdown.


Values of the coefficients of transmissibility and storage were 
determined in 1942 from wells owned by the Greater Lake Charles 
Water Co. (formerly Gulf States Utilities Co.). The average 
coefficient of transmissibility is about 180,000 gpd per foot, the 
average coefficient of storage is 0.0006, and the average permeability 
is 1,200 gpd per square foot.


The distance-drawdown and time-drawdown curves in figures 18 
and 19 are based on coefficients of transmissibility and storage of
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80,000 gpd per foot and 0.0006, respectively. As shown by the 
distance-drawdown curve (fig. 18), the drawdown in an observation 
well 1,000 feet from a well pumped at 1,000 gpm continuously for 
10 days will be about 4 feet. The time-drawdown curve (fig. 19)


eo


1J4.60 e~"s   _    


1.87r*S


T =180.000 gpd pe 
S =0.0006 
0=1000 gpm 
' =10 days


EXPLANATION 


7" "^Coefficient of transmissibility, 
. S ^Coefficient of storage, dimensi 


0 =0techarge. In gallons per mini 


- r =Distance from pumped well, ir 
s = Drawdown of water level, in fe 


- ' =Time, in days


/


' /


rft


n gallons per day per foot 
onless


s
et ^S


/


/
/


/


/
r


-


-


-


-


1000 10,000 
DISTANCE.^. FROM POINT OF DISCHARGE, IN FEET


FIGUBB 18. Theoretical distance-drawdown relationship in an infinite aquifer having the 
hydraulic characteristics determined for the "700-foot" sand.


 \^
^\--\


^114.60 £ û
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shows that the drawdown in an observation well 1,000 feet from 
a well pumped at 1,000 gpm will be about 7 feet after 1 year of 
continuous pumping and that if pumped continuously for 20 years 
about 50 percent of the total drawdown will have occurred 10 days 
after the start of pumping.


Quality of water. Chemical analyses of water from wells screened 
in the "700-foot" sand are given in table 7. Wells screened in this 
sand generally yield a moderately hard water that has a greater 
sodium-to-calcium ratio than that from the "500-foot" sand. The 
iron content averages about 3.2 ppm, and the temperature ranges 
from 74° to 78°F. Generally the chloride content of water in the 
"700-foot" sand is greater than that in the "200-" and "500-foot" 
sands. The curves in figure 20 indicate that there apparently has 
been no salt-water contamination of well Cu-463, which is screened 
in the "500-foot" sand in the industrial district, whereas the chloride 
content of water from well Cu-462, screened in the "700-foot" sand, 
has increased from about 25 ppm in 1950 to 220 ppm in 1955. 
Moreover, the chloride content in another nearby well screened in 
the "700-foot" sand (well Cu-96, fig. 20) had increased to 450 ppm 
when it was abandoned in 1951. The chloride content of the water 
from public-supply well Cu-3 had increased from 91 ppm in 1940 
to 156 ppm in 1956. Well Cu-661, the most recently installed 
municipal-supply well in the southern part of the city of Lake 
Charles, yielded water having a chloride content of 88 ppm in 
September 1956. The chloride content of water from well Cu-151, 
an irrigation well screened in the "700-foot" sand in the south 
eastern part of the parish, was 316 ppm in 1955. The reason for 
the higher chloride content of water from these wells in the central 
and southern parts of the parish may be due to incomplete flushing 
of the "700-foot" sand by fresh water. In the northern part of the 
parish, the chloride content is less than 30 ppm (see analyses for 
wells Cu-7 and Cu-495 in table 7) and current records do not show 
any effects of salt-water encroachment.


DEPOSITS OF PLIOCENE AGE 


EVANGEUNB AQUIFER


Distribution and thickness. The Evangeline aquifer is composed 
of sedimentary rocks of Pliocene age which occur throughout south 
western Louisiana. This aquifer is near the surface in northern 
Beauregard, Alien, and Evangeline Parishes, where it is overlain 
by a thin veneer of Pleistocene deposits (Jones and others, 1954, 
p. 57). In Calcasieu Parish it is difficult to identify accurately the 
top of the deposits of Pliocene age, as they bear a marked similarity 
to the overlying deposits of Pleistocene age. However, on the basis
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of changes in color and texture of the sediment (Jones and others, 
1954, p. 69), the top of the Evangeline aquifer which is in the Foley 
formation, has been delineated and is shown in the geologic sections 
(pi. 4). In Alien and Evangeline Parishes, where several wells 
have penetrated the Evangeline aquifer, the sand generally is fine 
to medium grained. There is a considerable variation in the thick 
ness of individual sand beds in the Evangeline aquifer. At DeRidder, 
in Beauregard Parish, 18 beds of sand in the lower part of the 
aquifer, between depths of 300 and 1,000 feet, range from 3 to 115 
feet in thickness and average 27 feet (Jones and others, 1954, p. 130). 
Generally, the individual sand beds are discontinuous; however, it 
appears that each sand bed is connected either above, below, or 
laterally with other beds, thus forming a single hydrologic unit 
(Jones and others, 1954, p. 130). The Evangeline aquifer is about 
1,000 feet thick in the vicinity of DeQuincy, where it contains fresh 
water. Southward, in the industrial district, it contains salt water 
throughout its entire thickness of about 2,000 feet.


Hydrology. The permeability of the sands in the Evangeline 
aquifer (estimated to be 250 to 1,000 gpd per square foot) is gen 
erally lower than that in the overlying Chicot aquifer, as would 
be expected considering the finer grain of the materials making up 
these sands (Jones and others, 1954, p. 131). The specific capacity 
of 10 wells tapping the Evangeline aquifer in southwestern Louisiana 
ranged from 2 to 20 gpm per foot of drawdown, as compared to the 
average specific capacities of 24 to 40 gpm per foot of drawdown 
of wells in the Chicot aquifer. A test well (Cu-666) was drilled 
to a depth of 2,204 feet and was screened opposite a sand of 
Pliocene age between depths of 930 and 990 feet. The water level 
was 49 feet below the land surface, and the yield was 220 gpm  
the specific capacity was 2. This is the only well known to have been 
screened in the Evangeline aquifer in Calcasieu Parish.


Quality of water. In adjoining parishes where the Evangeline 
aquifer is a source of fresh water, the water is of the sodium bi 
carbonate type, very soft, slightly alkaline, low in chloride content, 
and free of excessive quantities of dissolved iron (Jones and others, 
1954, p. 137). Where fresh it is excellent for public supply, al 
though locally it may be yellowish or brownish. This color is 
probably due to colloidal organic matter, and the water generally 
is not considered harmful for human consumption.


As shown by data from electrical logs of test wells, the Evangeline 
aquifer contains salt water in the industrial district. The water 
from well Cu-666, near the industrial district, contains about 14,000 
ppm of chloride; this substantiates data from electrical logs. In 
the northern part of the parish, the aquifer contains fresh water 
(having less than 250 ppm of chloride) throughout.
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DEPOSITS OP MIOCENE AGE


Electrical logs of oil-test wells indicate that throughout most of 
Calcasieu Parish the sands of Miocene age contain salt water. How 
ever, according to electrical logs, fresh water occurs in a few thin 
sands of Miocene age between depths of 1,500 and 2,500 feet in the 
extreme northern part of the parish. Because no known water wells 
penetrate these sands in Calcasieu Parish, no information on their 
water-bearing characteristics is available.


WITHDRAWALS AND THEIR EFFECTS 


CKENEBAL CONDITIONS


A total of about 105 mgd (million gallons per day) of water was 
"withdrawn from wells in the principal sands of the Chicot aquifer 
in Calcasieu Parish in 1955. This estimate of withdrawal is based 
on ground-water use as reported by industries, measured discharge 
of some wells, and data supplied by municipalities. Of the 105 mgd 
pumped, about 66 mgd was used by industries, 27 mgd by irrigators, 
8 mgd by municipalities, and 4 mgd for rural supplies. Of the 
101 wells listed in table 6 as industrial-supply wells, 40 are for 
oil-field supply. Wells used for supply during drilling operations 
are temporary, and the present (1956) estimated pumpage from 
these wells is 0.25 mgd. This small amount is not listed in the 
total withdrawals in table 5.


Since 1955, rice has been included under the Federal price-support 
program. In Calcasieu Parish this program has resulted in a decline 
in rice acreage from an average of 77,000 acres a year during 
1945-54 to about 63,000 acres a year during 1955-56. However, this 
decrease in acreage has not resulted in a significant decline in the 
amount of ground water used for irrigation. It appears that the 
total amount of water pumped is affected more directly by the 
amount of rain during the growing season than by the change in 
acreage planted. It is probable, however, that a continued decline 
in the acreage of rice will result in a general reduction in the 
amount of ground water pumped for irrigation. The relation of 
rainfall to pumpage for irrigation purposes from the Chicot aquifer


TABLE 5. Ground-water pumpage, in thousand gallons per day, in Calcasieu
Parish in 1955


Source


"500-foot" sand _________


Total...  -  _-- -


Percent of total .........


Municipal


150
1,700
6,000


7,850


7.5


Industrial


3,000
60,700
12,300


66,000


62.7


Irrigation


7,860
17,000
2,500


27,360


26.0


Rural


(?)
(?)
(?)
4,000


4,000


3.8


Total


11,010
69,400
20,800
4,000


105,210


Percent 
of total


10.5
66.0
19.7
3.8


100
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is shown in figure 21. The graph shows that pumping for irriga 
tion generally is inversely related to rainfall during the rice-growing 
season. A comparison of rainfall and pumping for rice irrigation 
for 1954 and 1955 clearly illustrates this relationship. In 1954, 
when there was a total rainfall of 13.5 inches during the rice-growing 
season, about 53,000 acre-feet was pumped; in 1955 there was a total 
rainfall of 31 inches during the rice-growing season, and pumpage 
decreased to about 31,000 acre-feet. In 1954, moreover, 84,000 acres 
of rice was irrigated by 53,000 acre-feet of ground water, and in 
1956 only 58,200 acres was irrigated, but the amount of ground 
water used increased to about 57,500 acre-feet. The rainfall during 
the rice-growing season in 1956 was 12.71 inches. The poor correla 
tion for the years 1952 and 1953 is due to exceptionally heavy rains 
occurring within short periods of time during the rice-growing 
season. Because ground-water levels are directly affected by pump 
ing, they declined rapidly during 1948 and 1951 (fig. 22) when 
rainfall during the growing season was below normal.


IRRIGATION PUMPAGEJN 
THOUSANDS OF ACRE-FEET, 


IN CALCASIEU PARISH
PO *> o> 


o o o o


1956


O
INCHES OF RAINFALL 
DURING PERIOD APRIL- 


AUGUST 1947-56
FIGURB 21. Graph showing the relation between pumpage from the Chlcot aquifer and 


rainfall during the rice-growing season.
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The quantity of water used from the Chicot aquifer for rural 
needs is based on an estimated per capita use of 125 gpd (Jones 
and others, 1954, p. 204) and a rural population of 32,133 (1950 
census). This allows for gardening and stock supply and use by 
small businesses. It is reasonable to assume that practically all the 
water required for rural supplies is obtained from wells because 
of the availability and easy accessibility of a potable ground-water 
supply. All municipalities in Calcasieu Parish are dependent upon 
wells that tap the Chicot aquifer.


Practically all the ground water pumped in Calcasieu Parish is 
removed permanently from the aquifers. Water used is discharged 
into a network of drainage canals and streams which eventually 
flow to the Gulf of Mexico. There may be, and probably is, some 
local influent seepage from streams, and such recharge may include 
small quantities of used ground water. However, this amount is 
probably negligible and is not considered in the overall computation 
of ground-water use.


The concentration of pumping in the industrial district has re 
sulted in this area having the lowest water levels in the Chicot 
aquifer in southwestern Louisiana. In the central part of this 
district the greatest water-level decline, to slightly more than 
100 feet below sea level, has been in the "500-foot" sand. The 
average annual water-level decline in southwestern Louisiana is about 
1 foot (Fader, 1957), whereas the present average annual decline in 
the principal sands in Calcasieu Parish is as great as 3.5 feet.


CHICOT AQUIFER


"200-FOOT" SAND


PUMPAGE


The first recorded well near Lake Charles in the "200-foot" sand 
was a drilled industrial well constructed prior to 1903 and was 
known as Reiser's Machine Shop well. It is reported that the 
altitude of this well was about 13 feet and that the well was known 
to flow to 17 feet above the land surface in 1903 (Harris and others, 
1905, p. 59). The first large-capacity industrial well in this sand 
was constructed in 1940 near Westlake, La. Available records in 
dicate that the "200-foot" sand supplied water to the first irrigation 
wells in the parish which were drilled about 1900 (Harris and others, 
1905, p. 55-59). In the "200-foot" sand there are presently three 
large-capacity industrial wells in the vicinity of Westlake (pi. 2), 
in addition to public-supply and many irrigation wells in the 
southeastern part of the parish.


506361 60   4
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Withdrawals from the "200-foot" sand have gradually increased 
from little or nothing in 1900 to an average of about 11 mgd in 
1955 (table 5). In 1955 the sand supplied 0.15 mgd for municipal 
purposes, principally at Iowa; 3.0 mgd for industrial purposes in 
the vicinity of Westlake; and 7.9 mgd for irrigation, principally 
in that part of the parish east of the Calcasieu River.


EFFECTS OF PUMPING


Water-level measurements made in wells screened in the "200- 
foot" sand are shown graphically on figure 25 and are reported in 
table 6. The measured water level in well Cu-45, in the city of 
Lake Charles, was 27.15 feet below the land surface on January 20, 
1943, and 53.44 feet below land surface on March 18, 1956 (table 6) ; 
this decline of 26.29 feet during the 13-year period averages 2 feet 
per year. Southeast of Lake Charles, near Holmwood, the average 
yearly decline in well Cu-451 was 2 feet for the period 1947 to 1956 
(fig. 22). The net water-level declines are computed from measure 
ments made in the spring prior to the beginning of rice irrigation, 
as those measurements indicate more accurately the level of maximum 
recovery for the year. Since 1946 the average annual water-level 
decline has been less than 2 feet (see graphs for wells Cu-347 and 
Cu-640 on fig. 22) in the eastern part of the parish, where the "200- 
foot" sand is the principal source of water for domestic, agricultural, 
and municipal purposes. The water-level decline in well Cu-45 is 
closely representative of wells in the industrial district. Because of 
a pronounced decrease in the use of water for rice irrigation during 
1955, the water levels showed a net recovery of as much as 3 feet 
from the spring of 1955 to the spring of 1956.


"500-FOOT** SAND 


PUMPAGE


The first recorded drilled well in the "500-foot" sand was an 
industrial well 6 inches in diameter, owned by the Bradley and 
Ramsey Lumber Co. in Lake Charles. In 1903 this well had the 
largest natural flow (210 gpm) of any well in the State (Harris and 
others, 1905, p. 58). It is estimated that the static water levels in 
the "500-foot" sand in 1903 were about 20 feet above sea level. In 
1934 pumpage from this sand was relatively small, and most of the 
wells flowed when completed. After the industrial expansion of the 
Lake Charles area (1934), pumpage gradually increased from a 
negligible amount in 1934 to 69.4 mgd in 1955, of which about 
50.7 mgd (see table 5) was withdrawn from the "500-foot" sand for 
industrial purposes in Calcasieu Parish.


EFFECTS OF PUMPING


"Water levels. Throughout the parish, water levels in the "500- 
foot" sand have declined steadily during the period of record. In
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the area outside the industrial district, they declined at an average 
rate of about 2 feet per year during 1943-56, as shown by the 
hydrographs of wells Cu-115, Cu-120, Cu-208, and Cu-228 (fig. 23). 
The wells outside the area of heavy industrial and public-supply 
pumping reflect the regional water-level trend and seasonal declines 
caused by pumping for rice irrigation. The result of decreased 
seasonal pumping for rice irrigation in 1955 is shown graphically 
in figure 23; the 1956 spring water levels were higher than those 
measured the previous spring. The net water-level recovery in these 
wells for the year ranged from 2 to 4 feet.


In the industrial district, water levels declined at an average 
rate of about 1.4 feet per year during 1903-56; however, since 
1934, when industrial development started on a large scale, water 
levels have declined at the average rate of about 2.9 feet per year. 
The average declines were based upon reported levels in 1903 and 
1934 and measured levels in well Cu-22 (fig. 24) since 1943. This 
"well is within the industrial district but in an area where the levels 
are not affected by nearby heavy pumping. The 1956 spring water 
levels in this well are about 3 feet below that measured in the spring 
of 1955. This suggests that the water-level fluctuations in well 
du-22 are caused primarily by variations in local industrial pumping.


The hydrograph (fig. 25) of water levels measured in well Cu-445 
in the industrial district shows an average annual decline of about 
.5 feet during 1946-56. As shown in figure 25, the average daily 
municipal and industrial pumpage from the "500-foot" sand in the 
industrial district and adjoining communities in 1945 was 21 mgd, 
.and in 1956 it was 53 mgd, representing an increase of 150 percent. 
The hydrograph of well Cu-445 reflects this increased pumping. 
The annual fluctuation, starting with a decline in the spring and 
-ending with a recovery in the fall, is due to changes in industrial 
use as well as seasonal pumping for agricultural purposes.


Although the present decline of water levels in the areas of heavy 
pumping is relatively large, as compared to that in the other sands, 
it is not excessive and must be expected in order to provide a 
:gradient sufficient to move the required amount of water into the 
areas of pumping. A wider spacing of wells, as new ones are 
drilled to replace old wells, would minimize the amount of inter 
ference between them. Moreover, if the total pumpage is not 
increased, wider spacing of wells will result in a decrease in the 
rate of water-level decline in the industrial district.


Analysis of piezometric map. Calcasieu Parish is included in the 
:area covered by piezometric maps for the year 1903 and the period 
1944-51 in two recent reports, one (Jones and others, 1954) pub-
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lished by the Louisiana Geological Survey and the other (Jones and 
others, 1956) published by the U.S. Geological Survey. Maps for 
the period 1952-55 are included in three reports published by the 
Louisiana Geological Survey, Department of Conservation, and the 
Louisiana Department of Public Works (Fader, 1954, 1955, and 
1957). Piezometric maps of the "500-foot" sand in Calcasieu Parish 
for the months of September 1943, October 1946, and September 
1949 are included in an open-file report issued in 1950 (Jones).


A piezometric map of the "500-foot" sand was prepared for this 
report from water-level measurements made during September 1955*. 
(See pi. 5.) Contour lines connecting points of equal water-surface 
elevation in wells used as control points show the altitude to which 
water rose in wells screened in the "500-foot" sand. Water-level- 
contour (piezometric) maps indicate, directly or indirectly, the di 
rection of ground-water flow, areas of recharge and discharge,, 
ground-water divides, water levels with reference to a known datunv 
and effects of pumping; and when used with other hydrologic data,, 
they show the rate of movement. Moreover, by comparing successive 
maps, changes in ground-water storage may be computed.


The direction of flow of ground water is downgradient along flow 
lines lines crossing all contours at right angles. The direction of 
movement of the water in the "500-foot" sand in Calcasieu Parish 
is toward areas of heavy pumping. This is in contrast to conditions 
in 1903, when there was little or no pumping and the direction of 
movement throughout the parish was southward (Jones and others,, 
1954, pi. 17).


Pumping tests on both industrial and irrigation wells were made 
at six separate sites. One purpose of the tests was to determine the 
hydraulic characteristics of the aquifer so that the effect of with 
drawals of water could be predicted.


The transmissibility of an aquifer determined by pumping tests can 
be verified by comparing the quantity of water pumped from an area 
with the quantity of water moving into the area as calculated by 
Darcy's law and data from the piezometric map. Darcy's law is ex 
pressed as 


Q=PIA (2). 
where 


Q is quantity of discharge per unit time
P is permeability
/ is hydraulic gradient
A is cross-sectional area through which water percolates. 


This equation can be rewritten by substitution in the following manner r


(3)







50 GEOLOGY AND GROUND WATER, CALCASIETT PARISH, LA.


where  
T P  ~
m


T is transmissibility
A is Lm
L is length, normal to direction of flow, of the section through


which the water moves 
m is thickness of aquifer.


The hydraulic gradient between the contour lines is given by the 
formula


r__<5___e __ cL (4) 1 ~d~BfL~ B 


where  
c is contour interval
d is average distance between contours
B is area between contours


By substituting equation 4 into equation 3 the expression may be 
written  


where  
Q is expressed in gallons per day
T is in gallons per day per foot
c is in feet
L is in miles
B is in square miles


By use of formula 5 and data from the piezometric map, the amount 
of water flowing across the  60- and  70-foot contour lines (pi. 5) 
in the vicinity of well Cu-445 can be calculated as follows:


across the  70 foot contour 
when  


T is average coefficient of transmissibility of the "500-foot" sand 
in the industrial district= 190,000 gpd per ft


L is calculated length and equals (17.75-{-8.75)-H2= 13.25 miles; 
where the length of the  60-foot contour around well Cu-445 = 
17.75 miles and the length of the  70-foot contour around well 
Cu-445 equals 8.75 miles


B is area between the   60- and  70-foot contours and equals 
18.4 square miles; where the area encompassed by the  60-foot 
contour equals 24.4 square miles and the area encompassed by 
the  70-foot contour equals 6.0 square miles


c is contour interval and equals 10 feet.
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The reported total pumpage from the "500-foot" sand within this 
area is 20.5 mgd, which results in a difference of only 12 percent 
from that calculated (18.1 mgd). A similar analysis made of the 
amount moving across the  70-foot contour in the vicinity of well 
Cu-77 shows that, when the transmissibility T equals 160,000 gpd 
per foot (table 2), about 36 mgd flows across the -70-foot contour 
toward the area where about 32 mgd is being pumped from the 
"500-foot" sand. The difference between the actual and calculated 
values is 14 percent. The relatively close agreement of the amount 
pumped and the calculated amount moving into the areas verifies 
the values of transmissibility determined by pumping tests.


With a coefficient of transmissibility based on an average perme 
ability and thickness of the "500-foot" sand in the area being con 
sidered, the amount and rate of water moving northward into the area 
encompassed by A, B, C, and D (pi. 5) were calculated by formulas 5 
and 6 as follows:


cu ft
-ix -i ~i t j.1. e Af\ gpd) per 1-mile length of   40-


foot contour
where  


L is calculated length and equals 12 miles 
The length of AB ( 30-foot contour) equals 14 miles 
The length of CD ( 40-foot contour) equals 10 miles 
B is area encompassed by A, B, C, and D and equals 46.9 sq miles 
c is contour interval and equals 10 feet 
1 cu ft water equals 7.5 gallons 
Tis transmissibility and equals 150,000 gpd per foot. 


The velocity or rate of movement of water northward between
points C and D can be calculated as follows:


T7__Q (quantity in cu ft per day) (6)
A (effective area in sq ft) 


thus  


F= 1 ' Q ==0.38 foot per day=0.026 mile per year


where  
Q= 60,000 cu ft per day per mile,
-4=160,000 sq ft (assuming a porosity of 25 percent and an 


aquifer thickness of 120 ft, the effective area per mile 
through which the water moves is 120X5,280X0.25 
= 160,000 sq ft).


The average distance between the  30- and -40-foot contour lines 
within the area ABCD is 3.9 miles. On the basis of the above- 
calculated velocity, it would therefore require about 150 years for 
the water to move this distance at the present rate of pumping.
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The amount and rate of movement of ground water from the north 
into the area of heavy pumping was calculated in a similar manner for 
the area marked EFGH (pi. 5), as follows:


000 ftt wn) cu it per 
day(2,500,000gpd) 
per 1-mile length 
of  40-foot con 
tour between points 
E&ndF 


and  


=l foot per day=0.07 mile per year


where  
^1=250X5,280X0.25.


At the above velocity the time required for water to move from 
the -30-foot contour to the -40-foot contour within the area EFGH 
would be 18 years. The calculated velocities are based on the as 
sumption that the water moves at a uniform rate throughout the 
thickness of the aquifer.


Within the areas considered the rate of movement southward 
is about three times that of the rate of movement northward and 
the quantity entering the area from the north is about six times 
that from the south where the "500-foot" sand contains salty water.


Piezometric maps may be used to outline areas of heavy pumping 
and, if the altitude of the land surface is known, to determine the 
.static water level below the land surface in any locality. For ex 
ample, plate 5 shows the  80-foot contour passing near well Cu-445, 
where the altitude of the land surface is 12 feet. Consequently, 
the depth to water in wells penetrating the "500-foot" sand in the 
vicinity of Cu-445 was 92 feet below the land surface in September 
1955. The close relationship between water levels and pumping 
is shown by comparing the map for September 1955 (pi. 5) with the 
maps for 1943, 1946, and 1949 presented by Jones (1950, figs. 4, 5, 
.and 6) . The areas in which water-level declines were most significant 
were central and southeastern Calcasieu Parish, which were also 
areas of heavy pumping. The piezometric surface in the central 
part of the parish in 1943 was about 25 feet below sea level, whereas 
in September 1955 it was 100 feet below sea level. In the south 
eastern part of the parish, the piezometric surface declined from 
6 feet below sea level in September 1943 to 30 feet below sea level 
in 1955.
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 «700-FOOT»» SAND 


PTTMPAGE


The first known wells in the "700-foot" sand, wells Cu-186 and 
Cu-431 (table 6), were completed in 1918 and are not now in use 
because water levels have declined below the pump settings. The 
original yields of the wells and the water levels were not recorded. 
The first known large-capacity industrial well tapping the "700- 
foot" sand is Cu-92 near Westlake. This well had a reported yield 
of 2,200 gpm and a static water level of 21 feet below land surface 
when drilled in 1943.


As shown in table 5, the "700-foot" sand yields about 6 mgd for 
municipal supplies, 12.3 mgd for industrial use, and 2.5 mgd for 
irrigation. In 1956 there were six municipal and eight industrial 
wells screened in this sand. The average municipal and industrial 
pumpage in the vicinity of Lake Charles has increased from 4 mgd in 
1945 to 17.6 mgd in 1956, or about 300 percent. (See fig. 26.)


EFFECTS OF PUMPING


The water level in well Cu-3, in the "700-foot" sand, has declined 
from 12 feet below the land surface in 1940 (table 6) to 68 feet 
below the land surface (fig. 27) in January 1956 (the time of maxi 
mum recovery), which represents an average annual decline of 
3.5 feet for the 16-year period. Well Cu-3 is in the principal 
public-supply well field in Lake Charles. The hydrograph of well 
Cu-446 (fig. 26) shows that water levels have declined in the in 
dustrial district from about 26 feet below the land surface in 
April 1946 to 64 feet below the land surface in April 1956, or an 
average of 3.8 feet per year over the 10-year period. The graph 
of well Cu-125 (fig. 27) shows that water levels 3 miles southwest 
of the industrial district have declined from 10 feet below the land 
surface in April 1944 to 52 feet below in April 1956, or an average 
annual decline of 3.5 feet per year for the 12-year period. In the 
rice-farming area southeast of Lake Charles, the average annual 
decline, based upon records for Cu-173 (fig. 27), has been 2.6 feet 
since 1947. Thus, the water-level records indicate a general and 
consistent water-level decline in the "700-foot" sand throughout 
the parish.
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DEPTH OF OCCURRENCE OF FRESH GROUND WATER


A map (plate 9) of Calcasieu Parish showing the maximum depth 
of occurrence of fresh ground water was prepared from data ob 
tained from electrical logs of oil-test wells. The contour lines on 
the map connect points of equal altitude below mean sea level at 
the base of the fresh-water-bearing section. The base of this sec 
tion is quite level throughout the southern and extreme eastern 
parts of the parish. Scattered over the entire area are mounds of 
salt water, which occur over some of the oil fields in the parish. At 
the Starks field, salt water occurs within 200-300 feet of the land 
surface, whereas within 2 miles around the field the depth to salt 
water is about 800 feet. Although the mode of occurrence of these 
mounds of salt water is not fully known, they may be due to up 
ward movement of salt water along fault planes cutting fresh 
water-bearing zones, displacement of salt-water-bearing beds upward 
so they are in contact with those containing fresh water, contamina 
tion of fresh-water-bearing sands during drilling of oil or other deep 
wells, or contamination of fresh-water-bearing sands by movement 
of salt water through defective well casings.


There is a rather abrupt increase in thickness of the fresh-water 
bearing section north of the Houston Eiver. The base of the fresh 
water is at a depth of 800 feet near Sulphur, 1,000 feet at the 
Houston River north of Sulphur, and 2,500 feet north of DeQuincy. 
This change in thickness of the fresh-water body probably marks 
the southern extent of flushing of the deeper sands by fresh ground 
water. Electrical logs of oil-test holes drilled in this area show 
fresh-water-bearing sands underlying those containing salt water. 
This interfingering of sands containing fresh and salt water is not 
fully understood but may be due to differences of head in, and 
permeability of, the sand beds; for example, other things being 
equal, the salt water would be flushed more rapidly from sands 
having a relatively high permeability than from those having a 
low permeability.


SALT-WATER ENCROACHMENT


The chloride content of water is increasing in the "200-foot" sand 
in the vicinity of Iowa, in the "500-foot" sand in the vicinity of the 
Starks oil field, and in the "700-foot" sand in the industrial district. 
The source of this salt water is not the overlying streams, lakes, 
or gulf but is within the sands themselves or the underlying or 
overlying sands containing salt water. Salt-water encroachment 
can occur by the lateral movement of saline water through a forma 
tion, vertical movement through confining materials, movement in 
the vicinity of salt domes and associated structural features, and 
leakage through defective wells.
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LATERAL MOVEMENT


The sand and gravel of the aquifers in Calcasieu Parish probably 
were deposited in an estuarine or near-shore environment, where 
saline water was trapped in the aquifers. Eain falling on the ex 
posed surfaces of the sands and gravels served to flush out the salt 
water. The southern extent of this flushing is dependent upon 
the time available since deposition of the sand and upon the rate 
of movement of water in the aquifer. Because the aquifers of 
Calcasieu Parish pinch out toward the south, the rate of movement 
of the water under natural conditions was probably governed by 
vertical seepage from the sands through overlying confining beds.


Originally the direction of movement of the water in the prin 
cipal sands in Calcasieu Parish was southward and served to push 
the fresh water-salt water interface southward into southern Calca 
sieu and Cameron Parishes. Pumping has caused the hydraulic 
gradient to be reversed in the southern part of Calcasieu Parish, 
and ground water is moving northward toward areas of heavy with 
drawals. Because of the lack of definitive observation wells, the 
exact location of the fresh water-salt water interface in the sands 
is not known. However, an approximation of the time required 
for the water to move from the southern edge of the parish toward 
the area of heavy pumping may be made by the method described 
in the report under "Analysis of piezometric maps." Under exist 
ing conditions the rate of movement is very slow, and many years 
would elapse before the salt-water interface could reach the industrial 
district.


The trend of chloride concentration in water from a large- 
capacity well (Cu-588) in the "500-foot" sand in the southern part 
of the industrial area is shown graphically in figure 28. For thte 
past 4 years the chloride content of water from well Cu-588 and 
other wells in the southern part of the parish has been more or less 
constant, indicating that the salt water within the "500-foot" sand 
has not moved northward into the industrial district.
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FIGURE 28. Graph showing the chloride content of water from well Cu-588.
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The chloride content of water from wells screened in the "700- 
foot" sand is given in table 7. Within the industrial district, the 
chloride content of water pumped from the "700-foot" sand has in 
creased more rapidly than in other known areas of increasing 
chloride. This increase of chloride in the industrial district is shown 
graphically on figure 20. In well Cu-96 (736 feet deep) the chloride 
content increased from 285 ppm in 1945 to 450 ppm in 1951. In 
well Cu-98 (767 feet deep) the chloride content increased from 
95 ppm in 1945 to 340 ppm in 1952. Records of the quality of 
water from well Cu-462 (724 feet deep) show that the chloride 
content increased from 20 ppm in 1949 to 215 ppm in 1955. Well 
Cu-96, drilled in 1943, was put on a standby basis in 1947 because 
of the high concentration of chloride in the water. During 1947-51 
well Cu-96 was pumped only for the purpose of determining the 
chloride content of the water. Well Cu-98 was put into production 
late in 1942, was retired to standby basis in 1950 and was pumped 
only to obtain water for determinations of the chloride content 
during 1951-52. The progressive contamination of the "700-foot" 
sand, as shown on figure 20, indicates that local contamination is 
by residual salt water in the lower part of the sand or by the 
advance of a nearby salt-water interface as the result of pumping.


VERTICAL MOVEMENT


In an area such as Calcasieu Parish, where fresh-water-bearing sands 
overlie and may be separated from salt-water-bearing sands by a 
relatively thin clay layer, movement of salt water through clay into 
fresh-water-bearing sands can occur if the hydrostatic head in the fresh 
water-bearing sand is less than that in the salt-water-bearing sand. 
A theoretical example of this type of contamination can be considered 
under the following assumptions: The clay underlying a fresh-water 
aquifer is 50 feet thick; the difference in head of the water contained 
in the two aquifers is 10 feet; and the permeability of the clay is 
0.2 gpd per square foot (Wenzel, 1942, p. 13). Then from formula (2)


Q=PIA


0.2X 10XIX (5,280) 2 1innAnn   , =      v *  -=1,100,000 gallons per day
per square mile.


Although no permeability measurements of clay have been made 
in Calcasieu Parish, the above example clearly shows that, con 
sidering the areas involved, significant amounts of water can move 
through a relatively thick clay bed. As indicated by the increasing 
chloride content of the water, there may be contamination of the 
"700-foot" sand by underlying salt-water-bearing sands in the vicinity 
of the Lockport and Sulphur Mines oil fields.
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Another way in which salt water can enter fresh-water aquifers 
is by downward movement of saline water from shallow sands into 
the deeper fresh-water-bearing sands. In Calcasieu Parish, water 
from well Cu-562, which is 22 feet deep, has a chloride content of 
1,320 ppm (table 7). Because of the higher water level in the 
shallow sand, this saline water could migrate to deeper fresh-water 
bearing sands. Sufficient data to indicate conclusively whether this 
type of contamination is occurring in Calcasieu Parish are lacking.


MOVEMENT IN VICINITY OF STRUCTURES


The contamination of fresh-water-bearing sands by movement of 
salt water upward through the disturbed sedimentary rocks overlying 
salt domes has been suggested as an explanation of the salt-water 
mounds (pi. 9) overlying many oil fields in Calcasieu Parish. 
However, Winslow and Doyle (1954, p. 30) suggest that "some of the 
apparent contamination may be the result of a lack of circulation 
rather than actual contamination from the salt or underlying salt 
water sands." At the Starks dome, water from wells Cu-613 (85 
feet deep) and Cu-585 (483 feet deep) had concentrations of 
chloride of 430 ppm and 907 ppm, respectively. No hydrologic 
boundaries that might indicate the presence of faulting in this area 
were determined during the pumping test made on these and other 
wells. For this reason, contamination of the shallow sands by the 
movement of saline water along fault planes is not considered to 
have been effective in this area.


DEFECTIVE WEULS


Fresh-water-bearing sands can be contaminated by the movement 
of salt water through defective wells. Wells having leaky casings 
may serve as effective conduits for the passage of salt water into 
sands containing fresh water. This means of contamination has 
been described in reports on other areas (Thompson, 1928, p. 98- 
107; Sayre, 1937, p. 77; Bennett and Meyer, 1952, p. 158-173; Piper 
and others, 1953). Although such contamination has not been 
proved in Calcasieu Parish, it may occur to some degree in abandoned 
oil and sulfur wells.


CORRECTIVE MEASURES


It will be necessary to continue the collection of data on the 
location of salt water in Calcasieu Parish to determine the sources 
of local contamination. After the sources are determined it may 
be possible to inaugurate corrective measures to prevent the spread 
of contamination. Such measures may include protective pumping, 
the repair ql leaky casings, control of discharge of water from 
wells, or other methods designed to meet specific problems.


506361 60   5
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WELL CONSTRUCTION AND METHODS OF LIFT 


EXPLORATORY METHODS


Generally when a well or well field is to be installed, test holes 
should be drilled to determine the occurrence of the fresh-water 
bearing sands. During drilling, an accurate record should be made 
of the beds penetrated, the drilling time required, and formation 
samples collected. After the test hole has been drilled to the 
specified depth, it is desirable to make an electrical log for cor 
relation purposes and to determine the occurrence of sands con 
taining fresh water. If the data collected from the test hole 
indicate favorable conditions, the hole is reamed to the desired 
diameter, and the supply well installed.


The electrical log is a record of the potential and resistivity of 
the formations penetrated by the well bore. The spontaneous-po 
tential curve (in millivolts) is generally shown as a single trace 
on the left side of the conventional commercial electrical log, and 
the resistivity curves, on the right side. In the gulf coast area, 
of which Calcasieu Parish is a part, the spontaneous-potential curve 
generally has a positive deflection opposite fresh-water-bearing sands 
and a relatively large negative deflection opposite salt-water-bear 
ing sands. In Calcasieu Parish the resistivity reading (measured in


onm m ^ generally is high opposite sands containing fresh water


and low (less than 20 mm ) opposite salt-water-bearing sands and


shales. This selection of 20 ohms for determining fresh-water 
bearing sands from electrical logs is based upon a correlation of 
resistivity readings from logs and quality-of-water data in south 
western Louisiana.


A drill-stem test may be made if it is necessary to determine 
precisely the quality of water. A short length of screen is attached 
to the drill stem and is set opposite the sand to be tested. To 
prevent contamination of the water, packers are usually set above 
and, if needed, below the section being tested. After an adequate 
water sample is collected, the drill stem and screen are removed 
from the hole. Drill-stem testing may be used also to obtain water- 
level measurements and data on the potential yield of a supply well.


CONSTRUCTION


All the industrial, municipal, and irrigation wells, and most of the 
rural supply wells in Calcasieu Parish have been drilled by the 
hydraulic-rotary method. The drilling is done by rotating a bit on 
the end of a drill-stem pipe which is screwed onto the kelly, a sec 
tion of drill pipe, either square or ribbed that fits into the drive
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bushing in the rotary table on the derrick floor. A mud fluid, 
sufficiently viscous to seal up the walls of the hole and to carry the 
cuttings to the surface, is pumped, under pressure, down the drill 
pipe and out through holes in the bit. Jetted against the bottom 
of the well with high velocity, the fluid is deflected upward to the 
surface between the drill pipe and walls of the hole carrying the 
drill cuttings.


Another recently developed method used in some areas of Louisiana 
for drilling water wells is the reverse-rotary method. In this 
method clear water flows from a pit on the surface down the an 
nular space between the drill pipe and walls of the hole. The 
cuttings and water are returned in an ascending stream through the 
drill-stem pipe to the clear-water pit. A large pit and source of 
clear water are needed to replace water dissipated in permeable 
zones and to maintain a relatively constant head to prevent loss of 
circulation. After drilling is completed it is necessary that this 
head be maintained until the casing and screen are set. The principal 
advantage of the reverse-rotary method is that clear water is used 
for drilling and consequently the water-bearing material near the 
bore hole is not clogged with drilling mud. For this reason the 
well generally can be developed in a shorter period of time. How 
ever, most of the reverse-rotary rigs presently (1956) in use re 
portedly have not been used to drill below a depth of about 600 feet. 
It has been reported that newer techniques and developments will 
allow reverse-rotary drilling to greater depths.


The principal components of a typical industrial or irrigation 
well and its pumping equipment are shown in figure 29. The pur 
pose of the pit casing is to provide ample space for installation 
and submersion of the pump. Where water levels are declining, as 
they are in Calcasieu Parish, care should be taken to set a sufficient 
length of pit casing so that the pump bowls will be deep enough 
to prevent loss of suction. When the pumping level declines below 
the pump bowls, the quantity of water delivered decreases rapidly 
until the pump breaks suction. If the pump bowls are set at the 
bottom of the pit casing and the water levels decline below the 
limit of suction lift, it is necessary either to install a smaller pump 
with less capacity in the well casing below the bottom of the pit 
casing or to construct a new well.


In Calcasieu Parish there are two general types of wells: a gravel- 
pack well made by reaming the holer to a large diameter (as much 
as 28 to 32 inches) in the sand to be screened, and placing sized 
gravel around the screen; and the so-called natural-pack well in 
which the screen is set opposite the sand without introduction of 
gravel. In natural-pack wells the size of the openings in the screen 
is such that the finer grained 40 to TO percent of the sand grains,
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FIGURE 29. Typical irrigation well.


as shown by the mechanical analysis, will pass through the screen 
and into the well. In irrigation wells the finer grained 90 percent 
of the sand grains is allowed to pass through the screen.


The well is developed by backwashing, surging, crosswashing, or 
overpumping, or by a combination of these processes. For maximum
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well efficiency, development should continue until the specific capacity 
no longer increases with increased yield. Development generally is 
continued until a yield is obtained that is greater than that of the 
permanent pump but less than the critical discharge. (See fig. 7.) 
This is based on the theory that the velocity of water toward the 
screen during normal operation will be less than that incurred 
during the development of the well and thus there will be no 
transportation of fine sand toward and through the screen of the 
completed well.


METHODS OF LIFT


The size and type of pump used depend principally upon the 
pumping lift (distance from land surface to water level in the well 
being pumped), the quantity of water desired, the external head, 
and the diameter of the pit casing. In turn, the type and power 
of the engine used to operate the pump are determined by the 
capacity and speed of rotation of the pump and by the total lift. 
Rural supply wells in the shallow sands are usually equipped with 
pitcher pumps, and rural wells in the principal sands of the Chicot 
aquifer are equipped with small-capacity deep-well turbine or jet 
pumps. All public-supply, industrial, and rice-irrigation wells 
have deep-well turbine pumps of capacities dependent upon the 
needs of the user. With few exceptions, rural, public-supply, and 
industrial wells in Calcasieu Parish are powered by electricity. Of 
76 inventoried rice-irrigation wells, 26 were equipped with diesel 
or semidiesel engines, 6 with natural-gas engines, 4 with electric 
motors, and 4 with butane-gas engines. The type of power used to 
operate 36 irrigation wells was not recorded.


SUMMARY AND CONCLUSIONS


The rocks of Calcasieu Parish that contain fresh water range in 
age from Recent to Miocene. No water wells have been drilled to 
the fresh-water-bearing sands of Pliocene and Miocene ages; how 
ever, records of wells in adjoining parishes indicate that moderate 
supplies of soft water are available from these beds. Small sup 
plies, generally for domestic purposes, are available from shallow 
sands of Recent and Pleistocene ages. The principal aquifer 
(Chicot) in Calcasieu Parish consists of the "200-foot," "500-foot," 
and "700-foot" sands of Pleistocene age. In 1955 about 105 mgd 
of ground water was pumped in Calcasieu Parish. About 11 percent 
was from the "200-foot" sand, 66 percent from the "500-foot" sand, 
and 20 percent from the "700-foot" sand.


The principal users of this water are the many industries in the 
parish, rice irrigators, and the city of Lake Charles. Of the 105 mgd
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used in 1955, 62 percent was for industrial use, 26 percent for ir 
rigation, 8 percent for municipal supplies, and 4 percent for rural use.


The "200-foot" sand is generally thin in the western half of the 
parish; however, in the vicinity of Lake Charles and in the eastern 
half of the parish, it is quite thick and wells have an average yield 
of 2,800 gpm. Coefficients of transmissibility and storage are about 
260,000 gpd per foot and 0.00086, respectively, in the southeastern 
part of the parish. The decline of water levels in the "200-foot" 
sand has been relatively small throughout the parish as a whole, 
averaging about 2 feet per year since 1946. The quality and tem 
perature of the water make it a suitable source of supply for most 
purposes. This aquifer is a potential source of large additional 
amounts of water in the southeastern and central parts of the parish.


The "500-foot" sand is the most highly developed aquifer in the 
parish. This sand is a thick (as much as 310 feet), continuous unit 
throughout most of the parish, but it becomes thinner (25 feet) in 
the southeastern part of the parish. Yields from large-diameter 
wells screened in this sand range from about 1,300 to 4,000 gpm. 
Pumping tests made at various sites indicate the coefficient of 
permeability to range from 1,000 to 2,000 gpd per square foot. The 
water-level map (pi. 5) and the values of the coefficients of trans 
missibility and storage determined from pumping tests indicate that 
the water in the "500-foot" sand is moving southward at a greater 
rate than it moves northward into the indistrial district. Static 
water levels have declined at a rate of about 5 feet per year at 
well Cu-445 in the industrial district. Although the present decline 
of water levels in the areas of heavy pumping is relatively large, 
as compared to the other sands, it is not excessive and must be 
expected in order to provide a gradient sufficient to move the re 
quired amount of water into the areas of pumping. A wider spacing 
of wells, as new ones are drilled to replace old wells, would minimize 
interference between them.


Except in small areas, there is no increase in the chloride content 
of the water in the "500-foot" sand as a result of the present with 
drawals. The iron content of the water varies considerably, ranging 
from about 0.06 ppm to 11 ppm. However, areas of high iron con 
tent appear to be of only small extent. The temperature of water 
in the "500-foot" sand averages T4°F. On the basis of this study, it 
is concluded that the "500-foot" sand is capable of supplying addi 
tional amounts of water without any appreciable change in the 
quality of the water.


The "700-foot" sand is present throughout the parish and is 
capable of yielding large amounts of water. In some areas it con 
tains small interbedded layers of clay, but the sands are considered
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to be hydrologically connected. Within the industrial district this 
aquifer has an average thickness of 220 feet. Original yields of 
industrial wells screened in this sand average about 1,500 gpm. 
Because less water is pumped from this deeper sand, water levels 
have declined less and are generally higher than in the overlying 
"500-foot" sand. In the industrial district, at well Cu-446, the 
water level has declined from about 26 feet in April 1946 to 64 feet 
in April 1956, or about 3.8 feet per year. The water level in well 
Cu-3, a municipal-supply well, has declined at a rate of about 3.5 feet 
per year. The principal factor limiting development of this sand 
is the relatively high chloride content of the water in the central 
and southern parts of the parish. The temperature of the water 
ranges from 74° to T8°F.


Lowering of water levels and contamination by salt water are two 
of the principal problems in Calcasieu Parish. To prevent excessive 
lowering of ground-water levels, it is necessary that new wells be 
drilled as far from existing well fields as economically feasible. 
A wider spacing of wells will result in smaller declines of water 
levels in the well field and a concomitant saving of pumping costs. 
Salt-water contamination of the "700-foot" sand has caused the 
abandonment of several wells in some parts of the industrial dis 
trict. Adequate data are not available to determine the mode of 
contamination accurately; however, widespread contamination does 
not appear imminent. As the source of contamination in each well 
or well field is determined, it may be possible to establish corrective 
measures to prevent the spread of salt water to nearby wells.


Because ground-water conditions in Calcasieu Parish are not static 
but change with time and development of ground water in the area, 
a program to collect and analyze current information should be 
continued. The principal phases of the program should include 
collection of well records, a continuing inventory of water use and 
measurement of water-level fluctuations, periodic sampling of water 
in selected wells to determine the status of salt-water encroachment, 
and detailed studies of the effect of geologic structural features on 
the occurrence and contamination of ground water.


DESCRIPTION OF WELLS


The records of wells in table 6 are based on information obtained 
from many sources and are of different degrees of completeness and 
accuracy. The wells are located as accurately as possible, but many 
of the old wells in Calcasieu Parish are no longer visible and can 
be located only approximately. Wells for which records are in 
complete or for which the location cannot be approximated within 
a reasonable distance are not included.
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TABLE 6. Description of
Type of well: B, bored;


Use of water: A, abandoned; D, domestic; I, industrial; IT, 
Remarks: L, driller's log in table 8; O, chemical


Well


Cu- 1. 


3  


5   
6  


7-..


8 .... 
9   
10   
11. ... 
12....


13  
14. ...
15  
16....
17  


18   
19.... 
20  


21   
22....


23   
25  


27   


28  


29   
31  


32  
33   


34
35....
Ofl


37  
38  
40  


41. ...
42   
43  


44  


45   
46   
47  


48   
49   
50 ....
51   
53-.. 
62  


Owner


  ..do...   ...     
Greater Lake Charles 


Water Co.


Central La. Electric 
Co.


Calcasieu Parish 
School Board. 


Krause and Managan.


Krause and Managan.


Magnolia Petroleum 
Co. 


  .. do.... .............
  do      .
.   do...... ...........
 .do       .
Cities Service Re 


fining Corp. 
W. T. Burton-


Magnolia Petroleum 
Co.


Magnolia Petroleum 
Co.


Lake Charles Golf 
Club. 


Calcasieu Parish 
School Board. 


Frank and Bob's Club


Greater Lake Charles 
Water Co. 


H. Hart        
Greater Lake Charles 


Water Co.


. .do  .............


.... .do  .... .......
  -do   ... ... ...  
  ..do  ....      
  do...     .
Hardwood Lumber 


Co. 
   do... ... ..... .....


Halliburton Oil Well 
Cementing Co. 


Caleasieu Parish 
School Board.


J. Verret __    .....


..... do... .... .........
/Calcasieu Parish 
I School Board. 
G. Boling  . _ ...... 


(McNeese State Col- 
l lege. 
AdrcCslIs Dsirv


Charles Fay.. ..   


Owner 
No.


} H


\
'


i
'


1'


K


1°
A
F 
B 
C 
D


........


j:::::::


Location


Sec.


15 
15
31


8 
18


35


15 
35 
26 
35


4
4 
4 
9 


30 
24


20 
10
4


8


8
8 


22


26


4


8 
31


26 


31


31
31 
31 
31 
31 
21


21 
29 


4


28


18 
9 
9


18 
18 
19
20 
34 
22


T.S.


10 
10
9
8
7


8


9 
9 
9 
9


10
10 
10 
10 
10 
10


10 
10
10 


10


10
10 
10


9 


10


10 
9


9 


9


9
9 
9 
9 
9 
9


9 
9 


10


9


10 
10 
10


10 
10 
10
10 
9 


10


R.W.


12 
12


8
8 


10


13


9 
9 
9 
9
9
9 
9 
9 
9 


10


9 
10
9 


9


9
9
9


9 


8


9
8


9


8


8
8 
8 
8 
8 
8


8 
8
8


8


8 
8
8


8 
8 
8
8 
9 
9


Date 
com 


pleted


1939


1940


1940


1929


1895 
1938 
1940 
1942
1924 
1925


1938


1933 
1938


1935
1938 
1920


1942


1942 
1942


1942 


1925


1942


1942


1925 
1937


1940


1942 
1910


1939 
1890 
1936


1936


Type 


well


Dr 
Dr
Dr
Dr 
Dr


Dr


Dr 
Dr 
Dr 
Dr
Dr
Dr 
Dr 
Dr 
Dr 
Dr


Dr 
Dr
Dr 


Dr


Dr
Dr 
Dr


Dr 


Dr


Dr 
Dr


Dr 


Dr


Dr
Dr 
Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr


Dr


Dr 
Dr 
Dr


Dr 
Dr 
Dr
Dr 
Dr 
Dr


Depth 
of well 
(feet)


585 
422
700
430
654


601


500 
178 
193
475
456
716 
796 
500± 
328 
500


330
488
290 


265


560
251 
500±


497


447


442 
696


198 


500


700
600 
700 
700 
700 
400


400 
504 
500


430


224
564 
575


500 
195 
600±
220 
200 
507


Casing


Pit


Length 
(feet)


536


85


52 
85


Diam- 
meter 


(inches)


8


18


4 
6


12 
16 
13


7


13


18 


4 


12


6 


6


4
8


7
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Dr, drilled; Du, dug.
irrigation; N, none; O, observation; P, public; S, stock; T, test
analysis for water collected in well in table 7


Casing


Well


Length 
(feet)


45


580


Diam 
eter 


(inches)


6 
6


6 
12


4 


8


4
6
8 
4 
4 
4


4 
4
6


4


7
6 
4


4


%4
10


2H 


6


8
6
8 
8 
8 
4


3 
6 
3


4


6 
4


3


4
4
3 2


Screened 
interval 


(feet)


536-585


580-654


414-456
675-716 
668-765


520-560


490-497


525-564


Aquifer


"500-ft"   
"500-ft"   
"700-ft"


"500-ft"   
"700-ft"   


"700-ft".   


"500-ft"... ...
"200-ft"   
"200-ft"  .
"500-ft"   
"500-ft"   
"7nfi-ft"
"700-ft"  
"500-ft"   
"500-ft"  .
"500-ft"   


"500-ft"  
"500-ft"


"200-ft"  ...
"500-ft"


"200-ft".   
"500-ft"   


"500-ft"   


"500-ft"   


"500-ft"  
"700-ft".  .


"200-ft"   _.


"500-ft"  ...


"700-ft".. ....
"500-ft".   
"700-ft"  
"700-ft"   
*'7Afl-ft"


"500-ft"  


"500-ft"   
"500-ft"   
"500-ft".   


"500-ft"   


"200-ft".. .... 
"500-ft".    
"500-ft".   


"500-ft".    
"200-ft"    
"500-ft"   
"200-ft"    
"200-ft"   
"500-ft"  


Static water level below 
or above (-f-) land- 


surface datum


Feet


0.5
.7


f 12
X 87 


8 
82


1


7 
+13 


21 
f 49 
1 57 


11 
19 
8 


19 
17


28 
5 


f 55 
I 46 
f 26 
I 47 
{ 8 
I 81 


25 
9


21 


9


26 
12


66
f 11 
\ 68
f 12 
1 48


15


13
f 10 
\ 37 


10


12


f 27 
\ 53 


13 
f 14 
I 25 
f 22 
1 37 


24 
f 81 10


20


20


Date


   do... ........
1940      
September 1956-


.... .do... _ . _ .


   do... ........


1938       


July 1942    
February I960  . 
September 1956_ .


   .do... ........
   .do  .......
   . do    ....


   do  ...... .
   .do     ...
1940 -  _ ..
August 1946 __ . 
January 1943 _ .
March 1952 
April 1943    
September 1956..


November 1942


1942   ........ .
  do.... _ ....


January 1943 .... 
November 1955 
1942    __ .
June 1951-... ...


June 1942.- .....


April 1943    
January 1943 .... 
September 1947..


1940      


January 1943. ... 
March 1956  .. . 
April 1942   .. .
January 1943  . 
October 1946.... 
January 1943 _ . 
August 1949 __ . 
January 1943....
__ do _ _ ___
October 1948....


1940 __    _ .


Yield 
(gpm)


} 1,340


360


1
'


|


}.......
'


1,650


1


1'


)
*


\J-   


}~


}.......


Use 
of 


water


P 
A 
P
A 
P


P


A 
A 
A 
P
I
A 
A 
A 
A 
A


A 
A
N 


A


0
A 
A


P


A


D 
P


D 


P


A
P
A 
A 
A 
I


A 
A 
A


P


O 
I
A


A 
A 
A
I 
D 
D


Remarks


C. 


C.


L. Specific capacity 
5 gpm per ft


C. 


Flowed until 1936.


Flowed in 1933.


L. Flowed in 1935. 


Flowed until 1938.


O.


{L. Resereened in 
1935 in the "500- 
ft" sand only.


/Flowed when com- 
X pleted.


L.
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TABLE 6. Description of wells in


Well


Ou-65... .
71. ... 
73.... 
74....


75 ..


76....


77  


78 ....


7Q


Sft


81. __


QO


83 .


84....


85. ...
86.... 
87-..
88 ..
RQ
on


Q1


92....
93  


94. ...


95 ....


96 ....


97


OS


99   


100  


101  


102. ... 
103  
104  
105. _
1f\fi


108  
110  


111...
112  
114. ...
115 ....


Owner


G.ColllTis. -  ........


Firestone Tire & 
Bubber Co. 


  do..       


....do.       ..


Olin Mathieson 
Chemical Corp.


  -do.._... ... ... ....


 .do __ .... _ ... .


. do..       


_ .do. __ ........
  .do..        .


'Lake Charles Harbor 
and Terminal Dis- 


[ trict. 
  do..      
Continental Oil Co.. 
  . -do  _....  .
 ..- do...    ......
  .do __ .......
   do._    ....... ..


 ..do................
  ~do-        
Cities Service Ref. 


Corp.
   .do..    .... ... .


__ do


Petroleum Chemicals, 
Inc.


... .. do    ...... ....


.- do-.. .............


(Columbia-Southern 1 
\ Chemical Corp. j
   .do..   ______ ___.


.....do.. ..............


Union Oil and Gas Co, 
   do.   .... ..__ ...
. _ .do  _ ____ . _ .


S. A. Emerson Oil Corp 
Union Oil of California 
Central La. Electric 


Co.. Inc. 
  do--_     _ 


Krause and Managan.


Owner 
No.


1 


2


4 


3


5 
6


1 
2 
3
4 
5


6 
7 


J-2


J-2B 


J-2A 


1


2 


3


1 


2 


3


Location


Sec.


22
31


4 
18


18 


18


35 
34


34


35 


35


34 
35


2


2 
34 
34
27 
27 
27


27 
34 
19


19 


19 


18


18 


18


3


4 


3


29 
29 
29 
21 
21 
33 
18


18
25 
29
11


T.S.


9
9 
9 


10


10 


10


9 
9


9


9 


9


9 
9


10


10 
9 
9 
9 
9 
9


9 
9 


10


10 


10 


10


10 


10


10 


10 


10


9 
9 
9 
9 
9 


10 
7


7 
9 


11
9


E.W.


8
8 
8 
9


9 


9


9 
9


9


9 


9


9 
9


9


9 
9 
9 
9 
9 
9


9 
9 
9


9 


9 


9


9 


9


9 


9 


9


10 
10 
10 
11 
11 
12 
10


10 
9
8


10


Date 
com 


pleted


1942
1940 
1935 
1942


1943 


1943


1943 
1934


1934


1940 


1940


1942 
1943


1926


1937 
1940 
1940 
1940 
1940 
1940


1940 
1942 
1943


19.3 


1942 


1943


1943 


1942


1942 


1942 


1942


1927


1942


Type 
of 


well


Dr
Dr 
Dr 
Dr


Dr 


Dr


Dr 
Dr


Dr


Dr 


Dr


Dr 
Dr


Dr


Dr 
Dr 
Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr


Dr 


Dr 


Dr


Dr 


Dr


Dr 


Dr 


Dr


Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr
Dr


Depth 
of well 
(feet)


400
463 
210
545


752 


527


512 
513


519


517 


525


517 
505


677


503 
529 
236 
275 
520 
255


526 
701 
521


520 


527 


736


519


767


667 


685 


670


575 
575 
575 
480 
650 
668 
172


300 
210 
700
348


Casing


Pit


Length 
(feet)


402


399 


399 


612


Diam-
meter 
'inches)


18 


18 


18


10 
16


20


24 


18


18
18


16


12 
18 
24 
24 
18 
24


18 
18 
18


18 


18 


18


18 


18


18 


18 


18


4 
18
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Casing


Well


Length 
(feet)


190


68


87 


91 


63


Diam 
eter 


(inches.)


4 


10 


10 


10


6 
10


12


16 


10


10 
10


6


8 
10 
12 
12 
10 
12


10 
12 
10


10 


10 


10


10 


10


12 


10 


10


10 
10 
10 
6 
4 
6


10 
4


Screened 
interval 


(feet)


451^63 
190-210 
415-545


658-752 


397^527


448-512 
433-513


399-519


437-517 


435-525


429-517 
442-505


443-503 
429-529 
156-236 
195-275 
420-520 
185-255


623-701 
408-521


413-520 


417-527 


641-736


410-519 


629-767


562-646 


589-685 


572-670


648-668


Aquifer


"500-ft"    
"500-ft"   _
"200-ft"   
"500-ft"  .


"700-ft"   


"500-ft".. _ .


"500-ft"


"500-ft"  


"500-ft".  


"500-ft". .....


"500-ft"- _ .
"500-ft"  .


"700-ft"  ..


"500-ft".  
"500-ft"   
"200-ft"  .
"200-ft"......
"500-ft"- ....
"200-ft"   


"500-ft"   
"700-ft". ..
"500-ft"   


"500-ft"   


"500-ft"   


"700-ft" ...


"500-ft".. ....


"700-ft"   


"700-ft"- ....


"700-ft"......


"700-ft"- ....


"500-ft"- ....
"500-ft"- ....
"500-ft".. ....
"700-ft"- ....
"700-ft"- ....
"200-ft".. ....


"500-ft"- ....
"200-ft"- .... 
"500-ft"- _ .
"500-ft"  


Static water level below 
or above (+) land- 


surface datum


Feet


/ 8 
i 13


20 
11


10


7


f 31 
\ 121 


99


46


{ 90 
/ 5 
\ 108


f 41 
I 69 


30


f 52 
I 62


8 
12
5 
5 
8


7 
21 
13


/ 12 
\ 48 
f 12 
I 42 
f 12 
\ 40
/ 12 
\ 115


f 12 
\ 33


( 12
\ 87


11 


12


7


6


51 
41 


/ 3
I 21


Date


1942     
April 1943   


July 1943..  
November 1943 


January 1943 .... 


June 1943. .....
August 1956 ..... 
October 1950. ...


October 1945-...


March 1940. _ . 
October 1950. ... 
March 1940_. ...
October I960-. ..


October 1945---. 
September 1954- 
July 1942 .....


October 1949. ...


September 1940.
Tnlv 1Q4n


August 1940 ..... 
September 1940.


July 1940- .......
July 1942..  ...
February 1943...


January 1943 .... 
March 1948- - ... 
November 1942-


October 1942. ... 
August 1945 .....
October 1942   
September 1956.


December 1942 


May 1942 __ ... 
December 1951 ..
April 1942   


..... ...-do  ... ..


November 1943-


Aprill956    .
September 1943. 
September 1956.


Yield 
(gpm)


,
>


1,500 


1,500 


1,500


} 1,500 
1,500


1,500


} 1,500 


} 1,500


} 1,500 
1,500


1,350
2,000 
2,000 
2,000 
2,000 
2,000


2,000 
2,200 
2,000


} 2,000 


| 2,000 


\ 2,000


} 2,000 


} 2,000


} 1,500 


1,500 


1,500


100 
100


2,000


Use 
of 


water


D
I 
D 
I


A 


I


O 
I


I


I 


I


A 
I


A


r 
r
A 
I 
I 
I


I
r 
i


i 
i
N 


I


N


I 


I 


A


A 
I 
I 
A 
A 
I 
A


A 
A 
Ir 
0


Remarks


C.


L. Specific capac 
ity 42 gpm per ft. 


L. Specific capac 
ity 15 gpm per ft. 


Specific capacity 
47 gpm per ft.


C. Specific capac 
ity 31 gpm per ft. 


Flowed when com 
pleted. 


/Specific capacity 
\ 75 gpm per ft. 
Specific capacity 


39 gpm per ft in 
1950.


0. Specific capac 
ity 31 gpm per ft.


0. 


C.


C. Specific ca 
pacity 50 gpm 
per ft. 


C. 
C.


/Specific capacity 32 
\ gpm per ft. 
/L. Specific capad- 
l ty 37 gpm per ft. 
C. Specific ca- 


  pacity 26 gpm 
per ft. 


L, C. Specific ca- 
  pacity 30 gpm 


per ft in 1945. 
L, C. Specific ca- 


  pacity 17 gpm 
per ft. 


C. Test hole 
drilled to 852 ft. 


Specific capacity 71 
gpm per ft.


L,C.


L. 
L.
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TABLE 6. Description of wells in


Well


Cu-117  
118...
110


120  
122...


124... 
125...
126... 
127...
128...
130... 
133...


134
135...
toe


137...
138 


144...
145... 
146... 
147  
148
160...
151 ...
153 _
156...
157  
158...
159 ... 
160 ... 
161...


162 ... 


163 ...
164...


165 ... 
166
167... 


168...
leg...
171 ...
172... 
173...


177 
17g... 
181...
182...


186 


203... 
204...


205...
206... 


208... 
209...


Owner


fOlin Mathieson \ 
\ Chemical Corp. J 
Calcasieu Marine 


Bank. 
E.J. Stein. __ . _ ...


Swift Packing Co  


S. Alford.   .........
H. Huber.- ___ ..... 
Shell Oil Co.... __ ..


  do.................
.....do.................
.....do..-.  .........
 -do........ .........
Magnolia Petroleum 


Co.


B. Pugh. ____ . __


E . Daughenbaugh . _ 
  do....   ........
..... do.................
O. Prime ..............


T? (T-rpffir


E. Fruge. .............


Calcasieu Marine 
Bank. 


Stanolind Oil and 
Gas Co. 


..... do.................
S. Vallet. ............. 


W. Helm ..............


L. Wittier.............


A. Gayle .. .........
do


  do.................


I. Smith. .............


Calcasieu National 
Bank.


Calcasieu Parish 
School Bd.


W. CaldwelL. _ . ....
J. Tucker...    .. ...


Owner 
No.


........


........


........


........


........


Location


Sec.


10
34 
34


36 
22


18 


34
1 
1 


25 
31 
13


13 
6 


23 
30 
12


32 
32 
17 
18 
18 
31


29


7 
35


g
30
25 
35
26


4


5 
13


29 
17 
35


26
1 
1 
2


26


27
21 
28
29


35 


29
g


22 
26 


6 
14


T.S.


g
g 
g


11 
11
11
10
10 
10


g 
g
9 


9
11


9 
9
g
g 
g


10 
10 
10 
10


10
11
10
11 
11 
11 
11
11 
11
11 
11
11 
11 
11
11
11 
11 
11
10


10
10 
10 
10


g
8 
8


8 
8 


8 
9


K.W.


10
10 
10
10
10


10 


10
8 
8 
8 
6 
7


7
g
7 
6 
7


6 
6 
6 
6 
6 
7


7
5
7 
7 
6 
7 
7
7 
7


7 
8


7 
7 
8


8
8 
8 
8
8


8
8 
8 
8


8


8 
8


8 
8 
8 


9


Date 
com 


pleted


ig29 
1936
igss


1937 
ig42 
1939


1932 


1933
1933
1933 
1933


1943


1920
1942 
1918
1943


1917


1938


1917


igi7
1943 


1943


1943


1943 
1926


1938 
1911


1918


1938
1931


1942 
1937


Type 
of 


well


Dr
Dr 
Dr
Dr 
Dr


Dr 
Dr
Dr 
Dr 
Dr
Dr 
Dr


Dr 
Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr 
Dr 
Dr 
Dr
Dr
Dr 
Dr 
Dr 
Dr 
Dr 
Dr
Dr 
Dr


Dr 
Dr


Dr 
Dr 
Dr


Dr
Dr 
Dr 
Dr
Dr


Dr
Dr 
Dr 
Dr


Dr


Dr 
Dr


Dr 
Dr 
Dr 
Dr


Depth 
of well 
(feet)


500±
510
497


700± 
723


700± 
700
510 
517 
418 
360 
291


261 
526 
243 
306 
297


312 
348 
350 
359 
366 
667


860
400± 
454 
232 
440 
424 
387
450 


700


700 
359


386 
388 
350


375
376 
375 
630
726


557
550 
805 
600


636


393
428


354 
340 
455 
200


Casing


Pit


Length 
(feet)


99


90


Diam- 
meter 


(inches)


24


10


24
24
12 
12
4


9 


9


7 
9


24 
24 
20 
24


18


24


24 
24 
24
24 
24


24
18


18 
24
18


24
18 
24
18
24


18
24 
24
18


24


18 
18 
20
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Casing


Well


Length 
(feet)


661


294


Diam 
eter


(inches}


12
10 
6
4 


10


12 
12
8 
8


6


7 
6 
6 
6 
6


10 
12 
12 
10 
10 
12
10


4 
10 
6 


12 
10 
12
12 
10


10 
10


10 
10 
10


12
10 
12 
10
12


10
12 
12 
10


10


4


8 
10 
10 
3


Screened 
interval 


(feet)


430-510 
437-517


251-291


228-261 
496-526 
222-243 
284-306


228-312 
268-348


274-366


760-860


257-359


288-386 
298-388 
250-350


543-630


498-636


293-354 
280-340 
375-455


Aquifer


"500-ft"- .... 
"500-ft"   
"500-ft".. ....
"500-ft"- ....
"500-ft"- _ .


"500-ft"   


"700-ft"......
"500-ft" ......
"500-ft" ......
"500-ft" ...
"200-ft"-   
"200-ft"  


"200-ft"    _
'500-ft".. ....
'200-ft"-..-..
'200-ft" 
'200-ft" ......


 200-ft" ___ .
'200-ft"......
'200-ft" ...
'200-ft"   
 onfl-ft"
"500-ft"  ...
"700-ft"


"200-ft" ......
"200-ft" ......
"200-ft". .....
"200-ft". __ .
"200-ft" ......
"200-ft" ___
nnt\t\ ft-tt


"500-ft". .....


"500-ft"  .
"200-ft" 


"200-ft" ......
"200-ft" ......


"200-ft" ......
"200-ft" ......
"200-ft"   .
"500-ft"   
"700-ft"


"500-ft"   
"500-ft"- ...
"700-ft"   
"500-ft".. ....


"700-ft"- ....


"200-ft"    
"500-ft"   


"500-ft"  ... 
"500-ft"   
"500-ft"    


"200-ft"  ...


Static water level below 
or above (+) land- 


surface datum


Feet


{ s
{ A


I 8 
X 66 


9


17 
32 
24


43 
9 


36 
20 


f 29 
1 55


23


41 
14


'( 10 
I 36


16 
f 14 
X 59 
f 21 
X 60 


27 
( 14 
L 51 
/ 16 
X 45 


16 
17 
20 


f 29 
X 71 
/ 28 


L 50 
28 
27


8


9


( 20 
I 30 


19 
f 21 


49 
46


Date


August 1943 ..... 
January 1955- ...


February 1936  
August 1943 ..... 
September 1956.


August 1943 ..... 
September 1956..


September 1943 
April 1952 __ ...
September 1943 .


April 1956... ....
September 1943.


September 1943. 
__ do ___ ....
April 1956.-. .


1943 .............


September 1956. 
September 1943.


April 1944 .......
September 1956.


September 1943. 
_ -do _     .
September 1956. 
September 1943. 
September 1950. 
September 1943. 
__ do. ..........
September 1956. 
September 1943. 
August 1955 ..... 
September 1943.


September 1943.


September 1956. 
September 1943. 
September 1956. 
September 1943.


1942     


1938     


October 1943.... 
December 1949.. 
October 1943.. ..
. .do   .... . -
September 1956. 
January 1947 __


Yield 
(gpm)


I 
'


325


'


1
'


100


2,500


1
J


2,850


1
>


}2,800


} 3,000 
2,700


I
'


\


I
>


1,500 
- 2,800


Use 
of 


water


A
P 
P
O
Ir


A 
D
I 
I 
D 
D 
I


I 
I 
I 
P 
I


Er 
Er 
Ir 
A 
Ir 
Er
Er 
P 
Ir 
A 
Er 
Ir 
Ir
O 
Er


Er 
Er


Er 
Ir 
Ir


Er
Ir 
Ir 
Ir
Ir


Er
Er 
Er 
Ir


A


D 
P


A 
Ir 
Er 
A


Remarks


O. 
O.
O. Flowed in. 


1942.


L.
O.


O. 
Specific capacity 


20 gpm per ft.
L.
L. 
L.


O.


0. 
L.


0.


L. 
C.


L. 


0.


C. 


L.


L.C. 
L, C.


L. Flowed until 
1938.


C.


L, C. 
O.
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TABLE 6. Description of wells in


Well


Cu-211... 
213--. 
214...
215...
216-..
217...
218...
219  .


225.  
226...


227... 
228..- 
230... 
233...
238... 
241...
242--. 
243...
245...
252... 
255-.
256  .
261.-. 
263--. 
264--.
270-.-
289... 
291   . 
295-..
345...


347... 
349...


360.. 
364  
373- 
389-.
409- 
411- . 
420.. 
423- 
424-. 
425- 
429-. 
430- .
431- 
438..
440- 


442..
443-.
444-
445  


446 


447.. 


448 


449-


Owner


Newport Industries. . .


   do         -
   do         
  .do          
.... do.         


E. Garrie  .. __   - 
R. Royer  .... _ .   
E. Wilson     
B. Wright  ... .   
Charles Millet Est  -
T. Stegall       


W. Pickett     


W. S. Green...     . 
M. Drost  .. ___   
   do  ... ...     
A. Ihle- __ . ___   -


C. Heard.  ____ --
H. Guth   ... ...  


J. Waite-..    


Bob Lee Lumber Co..


J. Micelle Packing Co 
Southern Pacific RR- 
U.S. Air Force ___
   do... .........   


E. Hebert.. ___   
U.S. Air Force. _   .


..... do     .....   -
   do  ... .... ...  
Cities Service Ref. 


Corp.
..... do  ... ..... .... -


Town of Maplewood. 


..... do  ... ... .... ...


Olin Mathieson 
Chemical Corp.


Owner 
No.


8 
9 


10 
11 
12 


1


------


-----


.......


    -


1
'


} 1


Location


Sec.


35
18 
18 
18 
18 
18 
18
32


20 


6


29 
14 


22 
1


29 
34


1 
26
34


5 
20


1


5 
3 
3 


23
24 
14 
25 
17
26


3
27 
27 
10 
10 
13 
35 
26 
35 
36 
12 
32 


2 
2 
2 


11
2


2
2 
2


18 


18


31 


32


34


T.S.


8 
7 
7 
7 
7 
7 
7
7


10 
11


9 
9 
9 


10
9 
9 


10 
9
8


11 
11
11
11 
11 
11 
10 
10 
10- 
10 
10


9
10 


9 
9 


11 
10 
9 
9 
9 
9 
9 


10 
9 


10 
10 
10 


9
10


10
10 
10
10 


10


9


9 


<


R.W.


10 
10 
10 
10 
10 
10 
10
10


12 


12


12 


12 
12 
12


11 
11 
11 
10
10
11 
11
12
10 
10 
10 


9 
9 
9 
9 
8


7
8 
8 
8 


10 
10 
9 
9 
9 
9 
9 
9 
8 
8 
8 
8 


10


8


8
8 
8
9 


9


9 


9


Date
com 


pleted


1942 
1932 
1934 
1937 
1937 
1939


1942 
1928


1941 


1934


1944


1940


1939 
1917 
1930


1909
1937 
1940


1943 
1936 
1940 
1943 
1942


1940


1941 
1941 
1918


1941
1941 
1942
1945 


1945


1943 


1943


1945


ype 
of 


well


Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr
Dr


Dr 
Dr


Dr 
Dr 
Dr 
Dr
Dr 
Dr 
Dr 
Dr
Dr
Dr 
Dr
Dr
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr
Dr
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
B
Dr


Dr
Dr 
Dr
Dr 


Dr


Dr 


Dr


Dr


Depth 
fwell
(feet)


335
658 
346 
365 
608 
610 
679


300


338 
500


426 
425 


700± 
535
500 
420 
355 
500±
300±
397 
515
516
600 
560 
525 
212 
455 
480 
308 
460


280
575 
468 
700 
575 
385 
171 
198 
426 
200 
210 
500± 
385 
682 
684 
640±


20 


500±


682
684 
553
540 


738


493


496


517


Casing


Pit


Length 
(feet)


100


100


100


200


201 
206


195 


200


262


Diam- 
meter 
nches)


12 
12 
12 
16 
18


18 
18


18


24 
24


18


4


24 
4


24


10 
10 
24


10
10 
12
18 


18


10 


10


18
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Casing


Well


Length 
(feet)


405


345


227


385


375


450


457


415


612 
423


235 


280 


123


Diam 
eter 


(inches)


7


8 
8 


10 
10


4 


7


4 
16 
12
6 


10
4 


12


2 
4
4
4 


12 
4 
2 
2 
2 
4 
2


12
2 
2 
4 


10 
4 
2 
2 
3 
2 
3 
6 


12 
6 
6 


12 
36
4


6
6
8


10 


10


6 


6 


6


Screened 
interval 


(feet)


574-658 
283-346 
305-365


530-610


308-338


405-425


435-535


320-420


385-397 
475-515


463-563 
515-525


445-455


450-460 
210-280


373-385


188-198 
416-426


615-682 
618-684 
540-640


662-682
664-684 
500-553


433-493 


433-493 


394-517


Aquifer


"500-ft"... _
"700-ft" __ -
"500-ft"   _
"500-ft"  
"700-ft"   
"700-ft"    
"700-ft"   
"500-ft"-   


"500-ft"   
"500-ft"   


"500-ft" ......


"700-ft"- _ .
"500-ft"  ..
"500-ft" ...
"500-ft"   
"500-ft" ...
"500-ft"   
"500-ft" ...


"500-ft". .....
"500-ft"  ...
"500-ft" -..
"500-ft"  .
"500-ft"   
"500-ft". __ _
"200-ft"   
"500-ft"  
"500-ft"  .
"200-ft"- ..
"500-ft"  .
"200-ft"   
"500-ft"- ..
"500-ft"-- ,-
"700-ft"  ...
"500-ft"   
"500-ft"   
"200-ft"  ...
'200-ft"---.
' 500-ft"- .....
 200-ft"  ...
'200-ft"   ._
' 500-ft"  ...
"500-ft"   _
"700-ft"  
"700-ft"   
"700-ft"   


"500-ft"   


"700-ft"-   
"700-ft"- _ .
"500-ft"  
"500-ft"   


"500-ft"   


"500-ft"   


"500-ft"   


"500-ft"- _ .


Static water level below 
or above (+) land- 


surface datum


Feet


5


40


f 27 
1 51
I 6 I 24


8 


{ 45


I 41 
10 
34 
52 
16 


/ 8 
I 21


1 l* 
I 21


42


/ 30 
X 36


40


22


11 
14 
8


f 15 
X 47 


9
9 


14 
/ 40 
X 103 
f 33 
I 82


26


f 31 
X 48 
/ 56 
X 60


Date


Octoberl943....


April 1944..  ..
September 1956. 
November 1942-


Octo her 1943 ....
  .. do .-   
October 1956. ...


November 1943.. 
August 1955 _ ..


September 1956. 
November 1943-
Augustl945.-_.. 
September 1956.


January 1950-...
March 1954


October 1941. ...


October 1946. _


April 1956.  -


July 1942-.-. .


October 1942- ... 
May 1942.... ...
1942. ....  


February 1944 _ 
September 1956-
December 1941.. 


..... do... ..... ...
November 1942-.
October 1945... . 
September 1956.. 
October 1945.... 
September 1956-


..... do  .......
July 1948... __
August 1945 __ - 
November 1947..


Yield 
(gpm)


1,350


1


}__


i
i


1
'


2,750


1
'


JL___


j
-*


500


2,500


1


515


1


680 


[ 600 


\ 1,840


Use 
of 


water


D
A 
N 
N 
I 
I 
N
I


I
A


D 
D 
Ir 
Ir 
I 
Ir 
D 
Ir 
O
D 
D
D
D 
Ir 
D 
D 
D 
D 
D 
D
A
D 
D 
D 
Ir 
D 
D 
P 
I 
D 
I 
I 
A 
P 
A 
A 
D
A


A
P 
P
0 


O


P 


P 


I


Remarks


C. 
L.


C. 


C.
C. Flowed until 


1932.


C.


L. 


L.


C.


Flowed until 1942. 
L. 
C. 
C.


C.


C.


fC. Specific capac- 
I ity 8 gpm per ft. 
L.


L.


L.
[C, L. Specific ca- 
\ pacity 14 gpm 
[ per ft. 
(C. Specific capaci- 
\ ity 24 gpm per ft.
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TABLE 6. Description of wells in


Well


Cu-450 _


451... 
452... 
453 
454 ...


456 ... 
457 ...


458 _


459 ...
461 


462... 
463...
464...
465... 


466... 


467...
468 ...


470 ... 
476... 
477 
478...
17Q
483 ...


485... 
486... 
488 ... 
490... 
492... 
493... 
494... 
495...


496...
497 ... 
498... 
601 


502...
504 ...


505...


506...
507 ... 
508 ... 
509...
510 ...
fill 
512 ... 
513  
514...


515 __ 
516... 
517...


Owner


Olin Mathieson 
Chemical Corp. 


Mr. Todd__ ...........
R. Boyer... .... ___ 
C. Patterson ..........
Cities Service Ref. 


Corp.


Greater Lake Charles 
Water Co. 


Olin Mathieson 
Chemical Corp.


..... do.......-...  ..
Petroleum Chemicals, 


Inc. 
Cit-Con Oil Corp.. 
 .-do.......  ....
.._..do........ __ .....
Olin Mathieson 


Chemical Corp. 
Columbia- Southern 


Chemical Corp. 
__ do .................


  do.......  .......
H. Landry..     ....


.....do  ..  .  
  do.       
U.S. Corps of Engi 


neers.


Vinton Petroleum Co. 
Krause and Managan.


J. Gayle __   ... .... 
Central La. Electric 


Co., Inc. 
  .do.....  _ ......
P. Helms -__..    
J. E. Daigle...   .   
Greater Lake Charles 


Water Co.


Magnolia Petroleum 
Co. 


Kansas City Bridge 
Co.


B. Lee.  .......   


.....do.... .............
J. Stegall..  .. ___ . 
T. Stegall       
Ed. Stine _______ 
Westlake Baptist 


Church.


Owner 
No.


........


J-20


L 


11


10 
4


1 
2 
3
9


  .....


~"M~"


........


.:::::::


Location


Sec.


35


3 
23 
34
19


22 
31


34


34
18


13 
13 
13 
34


20


20 
3 
3 


23 
21 
17 
35 
35 
21


6 
26 
33 
26 
31 
29 
22 
18


18 
17 
28 
30


34 
30


36


13 
11 
25 


3
9


34 
34 
19 
35


8 
32 
12


T.S.


9


11 
8 


10 
10


8 
9


9


9 
10


10 
10 
10 
9


9


9 
10 
10 
11 
11 
11 
11 
11 
11


10 
9 


10 
9 
9 


10 
10 


7


7 
11 
11 


9


9 
10


9


9 
9 
9 


10 
9
9 
9 


11 
9


11 
9
8


R.W.


0


7 
12 
10 
9


8 
8


9


9 
9


10 
10 
10
9


10


10 
8 
8 


10 
10 
10 
12 
12 
9


8 
9 


12 
9 
8 
7 
8 


10


10
7 
8 
8


10 
9


9


9 
9 
9 


10
10
11 
11 
10 
9


10 
11 
0


Date 
com 


pleted


1945


1944 
1946 
1947 
1945


1948 
1946


1948


1948 
1945


1948 
1948 
1948 
1947


1946


1946 
1940 
1944 
1948 
1942 
1943 
1943 
1942 
1948


1948 
1949


1930 
1949 
1949 
1948


1949


1948 
1949


1949 
1949


1948


1948 
1941 
1945 
1947
1947
1949 
1946 
1945 
1945


1948 
1941 
1943


Type 
of 


well


Dr


Dr 
Dr 
Dr 
Dr


Dr 
Dr


Dr


Dr 
Dr


Dr 
Dr 
Dr 
Dr


Dr


Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr 
Dr


Dr 
Dr


Dr


B 
Dr 
Dr 
Dr
Dr
Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr


Depth 
of well 
(feet)


523


380 
433 
345 
540


436 
696


509


511
522


724 
533 
532
520


469


472 
412 
495 
287 
650 
656 
603 
780 
661


518 
521 
600 
508 
505 
345 
577 
660


746 
412 
703 
690


573
500


508


35 
154 
371 
383
450
280 
393 
593
477


570 
401 
439


Casing


Pit


Length 
(feet)


101 
426


141
575


359


250 
426


620 
400 
406
252


102


420 
430


160
584


587


520


120


105


Diam- 
meter 


(inches)


18


20 
18


20 
16


18


18 
18


18 
18 
18 
18


6


10 
10


8


20 
12


12


16 


10


4 
10


4


18 
4


18
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Casing


WeU


Length 
(feet)


f 20 
I 159 


93


137


96


205 
92


71 
51 
49 


200


536


63 
101


384 
393


404


68


270 
383


467 


399


265


Diam 
eter 


(inches)


10


10
8 


10 
9 


10


12 
10


10


10 
10


10 
10 
10 
10


5 
2
2 
5 
5


5 
4


6 
6 
6


4


12 
6


6


10


6 
4


4


2 
2 
3
8
2 
2 
2 
2


10 
2 


10


Screened 
interval 


(feet)


393-523


348-433 
} 270-345 


430-540


351-436
575-696


428-509


430-511 
420-522


640-720 
409-533 
310-405 
437-520


485-495


638-660


468-518 
451-521


265-345 
497-577 
595-655


686-746


623-703


533-573


488-508


142-154 
361-371 
371-383
370-150
270-280 
383-393 
573-593
467-477


490-570 
380-M>1 
357-439


Aquifer


"500-ft"- ....


"200-ft"- _ .
"500-ft"  
"500-ft"   
"500-ft"  


"500-ft"   
"700-ft"   


"500-ft"   


"500-ft" 


"500-ft"  .


"700-ft"..  
"500-ft"   
"500-ft"   
"500-ft"   


"500-ft" . ..


"500-ft"   
"500-ft"   
"500-ft"   
"200-ft".   
"500-ft".   
"500-ft"   
"500-ft"   ._
"500-ft"   
"500-ft"   


"500-ft"   
"500-ft"(   
"700-ft"   
"500-ft"   
"500-ft"   
"200-ft".,  _ 
"500-ft".   
"700-ft"   


"700-ft"   
"200-ft"   
"500-ft"   
"700-ft"   


"500-ft"   
"500-ft".   


"500-ft"  


"500-ft" __ .
"200-ft". __ .
"500-ft"  _
"500-ft"   
"600-ft". _  
"200-ft"  
"500-ft"   
"500-ft"... ...
"500-ft"  ...


"600-ft" ___ - 
"500-ft"  
"500-ft"   


Static water level below 
or above (+) land- 


surface datum


Feet


59
/ 30 
I 42


f 28 
I 41 


40


f 30 
\ 54 


30


80


f 39 
I 82 


40


61 
52 
36


36


17


30


50


67 
63


83 
63
52 
55


37
44


11 
36


f 28 
\ 53


f 22
\ 50


f 35 
i 45


Date


January 1948..._
April 1956    


January 1948 ....
April 1956     
August 1945. .  


January 1948.  . 
September 1956.. 
August 1946.. ...


1948      


1947      
1950    _    
1945.        


1948         
1948        
August 1947.   


July 1949.  - -


July 1949   ...


August 1949 .....


January 1950 __ 
September 1956.


January I960.  . 
September 1956.


January 1950. . 
ADrill956.   


Yield 
fepm)


1,820


| 3,100 
2,000 


} 3,000 
1,500


1,500 


1,340


} 1,280 
1,500


1,280 
1,620


1,800


670


4,000
375


460


1,760 


800


| 2,500


}.   


[ 1,400


Use 
of 


water


I


Ir 
I 
Ir 
I


Ir 
P


I


I 
I


I 
I 
I 
I


I


I 
A 
D 
D 
I 
I 
I 
I 
P


I 
P 
I 
I 
A 
Ir 
Ir 
P


P 
Ir 
Ir 
P


P 
D


I


D 
D 
I 
D
Ir
D 
D 
D 
D


Ir 
I
Ir


Remarks


/Specific capacity 32 
\ gpm per ft.


L, 0. 
L, 0.


L, 0.


Specific capacity"25 
gpm per ft. -^ 


f Specific capacity^5 
I gpm per ft.


L,rC.


O. 


L, C.


0. 
C. 
O. 
C.


C. 
L, 0.


L, 0. 


L.


L, C. 
C. 
C.


506361 60   6
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TABLE 6. Description of wells in


Well


Cu-518... 
519...
520 _


521... 


522...
523... 
524... 
525...


526 _
527 


529  
530 
531...


532...
533 
534 
536 
537 ...


539  
541  
542... 
543  
544... 
545... 
546... 
547 
548...


549 ...
KKfl


551 ... 


552 ... 


553 ... 


554...
555... 
556...


557 ... 
558 ...


560 ...


561 
562 ... 
564...


565 ... 
666... 
567 
568 ... 
569...


570 ...


572 ... 
574...


575...


576...


Owner


Todd Bros ............
F. Helms- ..._     
D. Lavoi  . . .........
Galcasieu Parish 


School Bd. 
Charles Brown ........
Gulf Oil Co.... .......
Ed Tausslg  _ . .....
Calcasieu Parish Po 


lice Jury.


N. Stanfa .............
E. Wilson...     
M. Gray __ - ..   


...-.do.... __


.....do........... ......


  . do.....  ....    .


W. Corbello      
G. K. Rowlins-.- .....
Lake Charles Coun 


try Club. 
Mayo and McFadder.


Union Sulphur Co __
__ do _______ ...
Circle Drilling Co.. ...


E. Dauchenbaugh .....
C. Miller     
Alford Warehouse, 


Inc. 
Olin Mathieson 


Chemical Corp. 
Greater Lake Charles 


Water Co. 
A. Bentley ____ ...


Columbia-Southern 
Chemical Corp.


... ..do   .... .......
  . do...      ... ...
Cities Service Ref. 


Corp. 
Continental Oil Corp.


Church of the Naza- 
r.ene.


R. Young, Jr.. ........ 
H. White ..    


Gulf States Utilities 
Co. 


... ..do  ..............


Olin Mathieson 
Chemical Corp.


Owner 
No.


........


5


N


4


1 
2 
3 


J-120


8


........


1 


2 


13


Location


Sec.


3
17
8 
7


7 
18 
15 
15


33 
34
21 


5 
4
1


22
16 
6 
8 


22


4 
15 
27 
18 
28 


8 
24 
35


2


31
15 
29


34 


31


30 
15 
4


29 
29 
30 
19


34 
11 
4


15 
17 
11 
6 


23
33


12 


3


3 


34


T.S.


11 
11
11 
11


11 
11 
10 
10


10 
9 
9 


11 
11
11


11
11 
10 
8 


10


9 
9 
9 


10 
10 
10 
11 
11


8 


11


8 
9


9 


9


7 
10 
10


8 
8 
8 


10


9 
9 
9


9 
9 
9 
9
8
8


9 
10


10 


9


R.W.


7 
7
6
5


5 
5 
9 
9


12
8 


12 
12 
12
12


11
10 
12 
8 
9


8 
8 
8 
6 
6 
6 


12 
12
11


7
8
7


9


8


10 
12 
9


12 
12 
12 
9


9
8 
8


9 
9 
8 


12 
13
11


13


9


9 


9


Date 
com 


pleted


1947 
1948
1948 
1945


1943 
1942 
1946 
1941


1945 
1947 
1944 
1945 
1948


1948


1948
1945 
1947 
1949 
1948


1944 
1945 
1946 
1946 
1945 
1947 
1943 
1943
1949


1949 
1950


1950 


1950


1948 
1950 
1950


1947 
1946 
1946 
1951


1951 
1950


1948 
1948 
1933 
1951 
1951
1951


1950 
1947


1947 


1951


Type 
of 


well


Dr 
Dr
Dr 
Dr


Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr 
Dr 
Dr
Dr


Dr
Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr 
Dr
Dr


Dr
Dr 
Dr


Dr 


Dr


Dr 
Dr 
Dr


Dr 
Dr 
Dr 
Dr


Dr 
Du 
Du


Du 
Du 
Dr 
Dr 
Dr
Dr


Dr 
Dr


Dr 


Dr


Depth 
of well 
(feet)


255 
367
414 
375


316 
371
213 
198


652 
468 
511 
276 
595
514


568
655 
550
477 
759


200 
480 
484 
212 
277 
244 
535 
599
250


750
447 
460


517 


674


242 
602 
697


480 
290 
290 
574


287 
22 
25


33
17 


700± 
450 
453
400


515 


707


715 


508


Casing


Pit


Length 
(feet)


129


120 
120


100 
140 
720


97


135


563


105 
502


421


416


Diam-
meter 


(inches)


3
20


18


3


4 
20


20 
20


20


18 
14


7


4


4


14


18 


20


2 
12 
16


20


20


26


12 


12 


18
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Casing


Well


Length 
(feet)


200 
364


361


188 


620


259 
403
313


633 
358 
122 
84


190 
460


265 
145 
514 
578


22


93


126 
73


81


89


Diam 
eter 


(inches)


4 
11
14 
4


2 
2


4


7


12 
4


to
11


12
5 


10 
8 
4


2 
4 
2


2 
3 
4 
4


4


10 
2


10 


12


¥


4 
2 
2 


12


4


10 
30 
10 
10 
10
12


12
8


8 


10


Screened 
interval 


(feet)


240-255 
287-367
334-414 
365-375


306-316 
361-371 
194-213 
188-198


620-652 
458-468


261-276 
515-595


422-514
/220-280\ 
\552-592J 
633-655 
490-550 
417-477 
727-759


190-200 
460-480 
474-484


265-275 
234-244 
513-534 
577-598


363-447 
450-460


429-517 


584-670


231-241 
517-597 
597-697


433-563


435-515 
626-707


428-508


Aquifer


"200-ft"   
"200-ft".. _ .
"200-ft".. _ .
"200-ft"   


"200-ft"  
"200-ft"  
"200-ft"   
"200-ft"   


"500-ft"   
"500-ft"   
"500-ft"    
"500-ft".. _ .
"500-ft"   
"500-ft"   


"500-ft".   
"500-ft"   
"500-ft"   
"500-ft"  ...
"700-ft"   


"200-ft"- __
"500-ft"   
"500-ft"   
"200-ft"   
"200-ft"   
"200-ft"   
"500-ft"   
"500-ft"  ...
"200-ft"... _


"500-ft"  _
"500-ft"   
"500-ft".. _ .


"500-ft"   


"700-ft"- _ .


"200-ft"   
"500-ft"   
"700-ft"   


"500-ft".   
"500-ft". __ .
"500-ft"    
"500-ft"-   


"200-ft".. _ .


Pleistocene .. 


   do   
   do.   
"700-ft"   


"500-ft"    


"500-ft".. __


"500-ft"    


"700-ft"..  ..


"700-ft"    


"500-ft"   


Static water level below 
or above (+) land- 


surface datum


Feet


36 
f 15 
I 39


15 


9


20 
35 
30 


f 12 
I 34 
f 16 
I 28


27 
53


f 28 
I 34 
f 21 
I 55 


33 
20


96 


60


20 
30 
30


14 
10


10 
12 
18 
31 
22 


( 38 
I 46 
( 30 
I 46 


40


38 


88


Date


January 1950 . 
September 1956.


September 1955. 
September 1956. 
January 1950.. .. 
September 1956. 
January 1950. ..-


"MTftr/»Ti 1 Q^ft


September 1956.


March 1950   
April 1956 __ - 
April 1946    . 
September 1956. 
May 1950. __ .
March 1950  


July 1950....  


September 1950.


July 1947   


.... .do       


   do      -
   .do...      
   do      
October 1951.... 
   do      
   do     - - 
September 1956. 
October 1951. ... 
September 1956. 
November 1946..


January 1947..  


October 1951 ....


Yield 
(gpm)


\ 2,000


1


(
'


2,800


1


2,500


1,500 


1,500


1,500


3,666


800 


800 


1,500


Use 
of 


water


I
Ir
A 
D


D 
D 
D 
D


I 
D 
A 
D 
Ir
Ir


Ir
I 
Ir 
Ir 
I


D 
D 
D 
D 
D 
D 
I 
I
I


Ir
Ir 
I


I 


I


D 
P 
I


I 
I 
P 
I


I 
D 
D


D 
D 
D
Ir
Ir
Ir


Ir 
I


I 


I


Remarks


L.


L 
C.


L, C. 
L, C. 
L, C.


L. 


L.


C. 
C.


L.


Specific capacity 30 
gpm per ft.


C. Water salty. 
C.


L. 
L, C.


L, C.
Specific capacity 12 


gpm per ft. 
Specific capacity 12 


gpm per ft. 
Specific capacity 54 


gpm per ft.
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TABLE 6. Description of wells in


Well


Cu-677... 
578...
579... 
580...


681...
682


583 


584... 
585. ..


586...
587...


588... 


f&ft


690- . 
591...


592- .


595__- 
596-._
597--
598-. 
600
601
603--
604-- 
606...
610- .


613. ..
614...
616- - 
617- -


619 . 


620...


621...
622...


624... 
625
627...


629... 
630..- 
631...


632...
633 ... 
635... 
637.  


639... 
640
641... 
642. -
643... 
644...


Owner


F. Vail          
Newport Industries ... 
Columbia-Southern 


Chemical Corp.


..... do  ..............


.....do  ..............


Jefferson Lake Sul 
phur Co.


 ..do.....  __ ....
Greater Lake Charles 


Water Co.


 ..do.  .............
(Petroleum Chemicals, 
1 Inc. 
- do-... .........


C. Long _    .   ...


F. Qoos . ...........


D. Miller- ___ . _ .


Jefferson Lake Sul 
phur Co.


Petroleum Chemicals, 
Inc. 


Cities Service Ref. 
Corp. 


  ..do          


Continental Oil Co... 


Davison Chemical Co.


Gulf States Utilities 
Co. 


Ohio Petroleum Co...


Magnolia Petroleum 
Co. 


Mr. Coffey ______
G. Natly   .. ___ .


J. Lamkin and K. 
Breaux.


J Waita


F. Heyd.   ... .....
Sweet Lake Land Co- 
Mr. Eeevcte      


Owner 
No.


13 
11


12 
13


3E


1 
1


2 


0


} 5 
6


........


3


4


7 


J-142 


J-143


9


1


::::::::


........


Location


Sec.


8
17 
18 
30


30 
30


3


2 
19


19 
31


25 


25


18 
18


4 
33 
34
25 


2 
23 
10 
2 


22 
15 
27 
36 
19


19 
3


27 
18


19 


19


31 
36


25 
11 


3


20 
34 


1


22
18 
6 


27


21 
26 
12
10


7 
4


T.S.


9
11


7 
9


9 
9


10


10
9


9 
9


10 


10


10 
10


9 
8 
8 
8 
9 
8 
8 
8 
8 
8 
8 
9 
9


9 
11 
10 
10


10 


10


11
9


10
8 


10


11
10 
9


8 
11 
10 
11


9 
9 


11
9
8 
8


E.W.


12
8 


10 
10


10 
10


9


8 
12


12
8


10 


10


9 


9


8 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
9 


12


12 
10 
10 
9


9 


9


11 
9


10 
13
9


13
9 
7


9 
7 


11 
8


9
7 
8
7
8 
8


Date 
com 


pleted


1942
1947 
1947 
1946


1946 
1951


1951


1952 
1950


1950 
1952


1952 


1952


1953 
1953


1943 
1953 
1943


1900


1947


1950 
1942 
1952


1952 
1964


1954 


1953 


1953


1944
1951


1948 
1952 
1953


1945


1954 
1964 
1955 
1955


1950 
1954 
1951
1949
1954 
1946


Type 
of 


well


Dr 
Dr 
Dr 
Dr


Dr 
Dr


Dr


Dr 
Dr


Dr 
Dr


Dr 


Dr


Dr 
Dr


B 
B 
B 
B 
B 
B 
B 
B 
B 
B 


Du 
Dr 
Dr


Dr 
Dr 
Dr 
Dr


Dr 


Dr


Dr
£Dr


Dr 
Dr 
Dr


Dr 
Dr 
Dr


Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr
Dr
Dr 
Dr


Depth 
of well 
(feet)


600
697 
652 
469


469 
609


670


577 
483


495 
674


589 


585


551
545


18 
16 
14 
22
27 
20 
15 
42 
28 
21 
28 


285 
76


85 
548 
360 
530


613 


561


585 
219


500± 
460 
558


778 
625 
200


202 
300± 
460 
585


487 
200 
365
287 
424 
426


Casing


Pit


Length
(feet)


292 


401


33 


33


30 
418


401


426


Diam- 
meter


(inches)


18 
12


12 
18


18


13 


16


26


26 
20


13


13 
20


20 


22 


22


22 
12


12


20


22 
16


12


18
14
12 
18
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Casing


Well


Length 
(feet)


343


493 
104 
490 
108 
417 


91 
85


50


83


84


Diam 
eter 


(inches)


12
14 
10
8


8 
8


10


8 
8


8


20 
10 
20 
10 
20 
12 
12


5 
8 
6 
6 
8 
8 
6 
6 


24 
24 
36 
4 
8


8 
10 
3 


12


12 


12


10
7


12
8


5 
10 
4


12 
10 
10
8


8 
12 
10
8
8 


10


Screened 
interval 


(feet)


570-652 
389-469


389-469 
509-609


550-650


500-577 
411-480


/ 401-454 
\466-484


J 506-586 


1 506-586


J 433-551
427-547


50-72


63-85 
468-548


410-530 


490-610 


438-558


505-585 
185-217


310-460 
488-558


142-204


410-470 
140-200 
265-365


Aquifer


"500-ft" ......
"500-ft".. ....
"700-ft" __ .
"500-ft".. ....


"500-ft"  
"700-ft"-. ....


"700-ft".. __


"500-ft".. ....
"500-ft"   ~


}"500-ft".._...


"500-ft".. ....


"500-ft"- __ .


"500-ft"- ....
"500-ft". .....


  do   .
 .-do.- ....
Pleistocene -.


Pleistocene- . 
 -do.......
... -do    
  -do   
   do  ....
- do.. __ .
"200-ft"__ ....
Pleistocene. .


"500-ft".. __
"500-ft".. ....
"500-ft".. __


"500-ft".  


"500-ft"   


"500-ft"   
"200-ft".. .


"500-ft"  ..
"500-ft".. _ .
"500-ft" ......


"500-ft".   
"500-ft".    
"200-ft"   


"200-ft"    
"200-ft".. . 
"500-ft" ___ . 
"500-ft" ......


"500-ft".. .... 
"200-ft". _____ 
"200-ft" __..._
"200-ft" ......
"200-ft"..   
"200-ft" ......


Static water level below 
or above (+) land- 


surface datum


Feet


f 26 
\ 29 


20


31


31
44


85


42 
43


46 


46


84 
71


6 
4 
4 


12 
22 


6 
6 


14 
20 
18 
20 
61 
14


22 
59 
65
79


93 


96


30
67


56 
40


21 
56 
38


37 
36 
46 
41


76 
53 
37 


f 40 
1 22 


52 
53


Date


December 1951..
March 1955


October 1946 ....


November 1946  
December 1951 __


..... do  .... ...


January 1954. ___ 
September 1956-


1952 .............


1952     ......


January 1953 ....
February 1953 ...


April 1953 .   
  _ do  .__  
   do      
   do... _ _..._..
... -do  ..... -
  -do      
  -do      
. .do  .......
1953...  _ ._..
1953. __ . ... ....
August 1953 ._ ...


August 1952 .___ _


September 1952. _ 
September 1956- 
July 1954.   
May 1954 _______


October 1953,.-. 


August 1953    


September 1956- 
Septemberl951-


March 1955... ...
September 1956..


September 1956. 
April 1956 ....___
  do  ...____


September 1956-


September 1956. 
Aprtl 1956 ._._...


September 1956.


.. _ do _____ _
1949        
February 1955... 
__ do     ...


Yield 
(gpm)


}.......
3,800 
1,000 


600


. 600 
1,000


1,600


630 
1,000


1,100


2,000 


2,000


2,000 
2,030


250


250 
2,500


1,500 


2,050 


2,050


284


2,400


2,500


4,500


3,800


}2,000 
1,800


Use 
of


water


Ir
Ir 
I 
I


I 
I


I


P
A


I 
P


I 


I


I 
I


D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
O 
I


I 
Ir
I 
I


I 


I


Ir 
I


D 
Ir 
I


I 
Ir
I


Ir 
Ir 
Ir 
Ir


Ii 
Ir 
fr
Ir
Ir 
Ir


Remarks


C.


Specific capacity 18 
gpm per ft.


Specific capacity 19 
gpm per ft. 


Specific capacity 24 
gpm per ft. 


O. 
C. Original yield 


1,000 gpm.


fC. Specific capac- 
X ity 41 gpm per ft.
C.


fC. Specific capac- 
X ity 63 gpm per ft. 
Specific capacity 54 


gpm per ft.


C.


C. 
C.


Specific capacity 55 
gpm per ft. 


Specific capacity 50 
gpm per ft. 


Specific capacity 33 
gpm per ft. 


3j. 
Specific capacity 24 


gpm per ft.


L, C.


O.


L, C.


C. 
L,C.


C. 
C. 
L.
C.
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TABLE 6. Description of wells in


Well


Cu-645... 
646 _ 
647... 
649...


651... 
652...
653...
654...


655... 
656... 
660...


661... 


663... 


664... 


665...


666 ...


667...
668... 


669-..


670...


671...


672...
675...
676.-.


Owner


Sweet Lake Land Co. 
J. Metzger..-. __ ... 
Sweet Lake Land Co. 
Olin Mathieson 


Chemical Corp. 
D. W. Abbott ........
-. do.--...  .......
Krause and Managan. 
Continental Oil Co ....


City of Sulphur  ....


Petroleum Chemicals, 
Inc. 


Greater Lake Charles 
Water Co. 


City of Westlake. .....


Gulf States Utilities 
Corp.


- do.... ............


  do....- _ .... _ .
Lake Charles Air 


Force Base. 
__ .do.   --. . _ ..


 ..do........... ......


   do....   ........


..... do..    .......
   -do.          .
Cities Service Ref. 


Corp.


Owner 
No.


...--.-.


14


10


S


4


2 
12


Location


Sec.


29 
18 
10 
34


29 
29 
11
27


34 
19 
18


6 


26 


13 


9


9


9 
14


14 


12 


11


10 
2 


19


T.S.


8 
10 
11


9


9 
9 
9 
9


9 
9 


10


10 


9 


10 


9


9


9 
10


10 


10 


10


10 
10 
10


R.W.


8 
6 
7 
9


6 
6 


10 
9


10 
6 
9


8 


9 


10 


9


9


9 
8


8 


8 


8


8 
8 
9


Date 
com 


pleted


1951 
1955 
1918 
1952


1953 
1953 
1955 
1955


1955 
1910 
1956


1956 


1956 


1956 


1956


1956


1956 
1956


1956 


1956 


1954


1954 
1946 
1957


Type 
of 


well


Dr 
Dr 
Dr 
Dr


Dr 
Dr 
Dr 
Dr


Dr 
Du 
Dr


Dr 


Dr 


Dr 


Dr


Dr


Dr 
Dr


Dr 


Dr 


Dr


Dr 
Dr 
Dr


Depth 
of well 
(feet)


445 
330 
400± 
522


400 
400 
568 
536


585 
15


548


732 


535 


501 


473


990


457 
200


196 


113 


418


86 
511 
553


Casing


Pit


Length 
(feet)


121 
121


415 


634 


457 


389 


379


80


162 


154 


81


73 
436 
420


Dlam-
meter 


(inches)


20


20


16 
16


16


20 


20 


12 


18 


16


10


8 


8 


3


3


22
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Casing


Well


Length 
(feet)


210 
210


93 


100


96 


106


/ 163 
I 755


445 
35


56 


21 


407


5


30


Diam 
eter 


(inches)


10 
10


10


9 
9


10


10 
36 
12


12


8 


10


8


8 \ 
6J


4 
6


6 


2 


4


2^


12


Screened 
Interval 


(feet)


402-522


317-397 
317-397


435-535 


485-585


425-545 


649-729 


485-535 


400-500 


390-470


930-990


435-445 
175-198


175-195 


101-111


407-417


76-86 
480-511 
430-550


Aquifer


"200-ft"......
"200-ft"..  
"200-ft" ......
"500-ft"..  .


"200-ft" ......
"200-ft". __ .


"<W1 ft"


"500-ft".. ....
Pleistocene .. 
"500-ft".. ....


"700-ft"......


"500-ft"......


"500-ft". .....


"500-ft"..-...


Evangeline.. 


"500-ft". .....
"200-ft". .....


"200-ft". -.


"500-ft"..  


"500-ft".  
"500-ft". _ -


Static water level below 
or above (+) land- 


surface datum


Feet


41
47 
28


84


58 
11 


105


58 


88 


93 


62


49


53


120


Date


September 1955.


   do...........
August 1956. _ . 


May 1956. ......


September 1956. 


   do...........


June 1956. .......


July 1956. .......


December 1956..


August 1957.....


Yield 
(gpm)


2,000


2,000 


1,800 


500 


2,000 


1,700


220


50 
450 


2,000


Use 
of


water


IT 
Ir 
Ir 
I


P 
P 
T 
I


P 
D 
I


P 


P 


I 


I


A


O
P


P


s 
P
s 
P 
I


Remarks


L.


L,C.


L. 
L. Specific capac 


ity 50 gpm per ft. 
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86 GEOLOGY AND GROUND WATER, CALCASIEU PARISH, LA. 


TABLE 8. DriUers' logs of representative toetts in Calcasieu Pariah


Material Thickness 
(feet)


Depth 
(feet)


Material Thickness 
(feet)


Depth 
(feet)


Cu-6. Central Louisiana Electric Co., DeQnincy
[Sec. 18, T. 7 8., R. 10 W.]


Soil_._.__. .........
Clay.. .____. __ ...


Gumbo__ _ __ _____


Gumbo_______ __ __
Sand, coarse, and 


gravel. _____


6
37
22


6
32
20
81


169


6
43
65
71


103
123
204


373


Shale, sandy, gumbo
Sand, fine, dirty. ...
Sand___.____ _____


Sand__ ____ _______
Gumbo __ ____ ___


28
168


15
38


6
26


5


401
569
584
622
628
654
659


Cn-22. Magnolia Petroleum Co., Lake Charles
[Sec. 8, T. 10 S., R. 9 W.]


Clay...............
Sand and gravel _. __


Shale, sticky _____


40
18
54


190
70


40
58
112
302
372


Sand and gravel-.. _
Shale. --__- __ __


70
50
85
75


442
492
577
652


Cn-33. Greater Lake Charles Water Works Co., Lake Charles
[Sec. 31, T. 9 S., R. 8 W.]


day...... _________
Sand, white. _ _.-_-_
Clay.. __._.. __.._..


Clay, sandy _ ______


18
51
48
17
97


18
69


117
134
231


Gumbo _ ____ __ _
Sand, fine, black _ -


Sand and gravel. ___


84
188


19
12


152


315
503
522
534
686


Cu-46. Missouri Pacific RR., Lake Charles
[Sec. 9, T. 10 S., R. 8 W.]


Soil  .._.____.._._
Clay.... _____ ....


Clay __________
Shale ___ _ __ __


4 
10 
34 


153 
45 
67


4 
14 
48 


201 
246 
313


Gumbo.. __________
45 
40 
46 
75 
45


358 
398 
444 
519 
564


Cn-74. Firestone Tire and Rubber Co., Lake Charles
[Sec. 18, T. 10 S., R. 9. W.]


Soil-___________.___


Clay... ____________
Shale ___ _.- .


Sand. _ _ ____
Sand and shale_____


12 
28 
12 


110 
22 
96 
20


12 
40 
52 


162 
184 
280 
300


Gumbo__. ___ _ __.


Shale ___ _ _ _
Gumbo _ ___ __ _
Sand__ ..... ____ _


86 
169 


60 
10 


105 
10


386 
555 
615 
625 
730 
740
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TABLE 8. Drillers' logs of representative wells in Calcasieu Parish Continued


Material Thickness 
(feet)


Depth 
(feet)


Material Thickness 
(feet)


Depth 
(feet)


Cu-75. Firestone Tire and Rubber Co., Lake Charles
[Sec. 18, T. 10 S., R. 9 W.]


Soil___ ________
Clay
Sand. red _____ __
Clay_______________
Sand___ _________ _
Shale _________ _
Sand___________ _ _
Shale-___-__________


2 
8 
5 


177 
82 


113 
179 


73


2 
10 
15 


192 
274 
387 
566 
639


Sand, fine __ _ ___.
Shale____-_._- ___ _
Sand ____ _ _ _____
Shale ___ _ __ _ _
Sand__ _______
Shale__ _ _____ _
Sand, fine ___ __ __


25 
2 


38 
7 


40 
11 
21 


114


664 
666 
704 
711 
751 
762 
783 
897


Cu-96. Petroleum Chemicals, Inc., Lake Charles
[Sec. 18, T. 10 S., R. 9 W.]


Soil________________
Sand. red____ __ ___
Clay.
Shale-___-_________-
Sand__ _____________
Shale____. __________


2 
28 
20 


152 
28 


164


2 
30 
50 


202 
230 
394


Sand___ ___ _ ____


Sand _ _ ___ __
Shale- ____ __
Sand_______________
Shale__-_. ______


167 
37 
15 


7 
116 


20


561 
598 
613 
620 
736 
756


Cn-98. Petroleum Chemicals, Inc., Lake Charles
[Sec. 18, T. 10 S., R. 9 W.]


Shale_______________
Sand ___ __ ___
Shale __ ._ __ _ _ .


200 
35 
55 
52


200 
235 
290 
342


Shale --. __ -. 


Shale __ -_- ___ _
Sand__ ____________


49 
166 


47 
163


391 
557 
604 
767


Cu-99. Columbia-Southern Chemical Corp., Lake Charles
[Sec. 3, T. 10 S., R. 9 W.]


Clay, yellow. _______
Sand, fine __ _ __ _
Gumbo__ _ ___ ____


Gumbo _____ ___ _


Sand _ ___ ___ ___
Gumbo _____ _ ___
Shale, sandy. __ _ _
Sand __ _ _ __


70 
6 


78 
7 
9 


100 
3 
6 


19 
82 
30


70 
76 


154 
161 
170 
270 
273 
279 
298 
380 
410


Sand, streaky, and 
gumbo. ___ _ __


Sand_. -_____-. _ _


Sand_______________


Sand __ __ _____


Sand


26 
98 
20 
10 


105 
3 


93 
6 


32 
64


436 
534 
554 
564 
669 
672 
765 
771 
803 
867


Cu-108. Union Oil of California, Lake Charles
[Sec. 33, T. 10 S., R. 12 WJ


SoU.   ____________
Gumbo, shells. __ ._
Gumbo_____ __ _ _
Sand ___ __ __
Gumbo____ __ _____


9 
15 
62 
34 


160


9 
24 
86 


120 
280


Sand_________._____
Shale  _._--.______
Sand. _ ___________


30 
86 
19 


195 
58


310 
396 
415 
610 
668
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TABLE 8. Drillers' logs of representative wells in Calcasieu Parish Continued


Material
Thickness 


(feet)
Depth 
(feet) Material


Thickness 
(feet)


Depth 
(feet)


Cu-112. I. V. Manrer, Westlake
[Sec. 25, T. 9 S., R. 9 W.]


Soil.... ._. _________
Clay____. __________


2 
128 


15


2
130 
145


Shale..  _-----__
Sand, medium to


12 


54


157 


211


Cu-114. F. P. Friesen, Lake Charles
[Sec. 29, T. 11 S., R. 8 W.]


Soil-_______________
Sand____________ __
Clay_______________
Sand______________


18 
30 


124 
11


18 
48 


172 
183


Sand, shale with 
shells ___ ____ _ _


Sand, fine ___ _ ___
353 


37 
129


536 
573 
702


Cn-126. Swift Packing Co., Lake Charles
[Sec. 1, T. 10 S., R. 8 W.]


Clay_______________
Sand, coarse, yellow. _ 
Clay____ _    ___ _


38 
9 


142 
14


38 
47 


189 
203


Gumbo __ ______ _
Sand. _ _______


212 
42 
53


415 
457 
510


Cu-135. Shell Oil Co., Lake Charles
[Sec. 6, T. 11 S., R. 9 W.]


Soil--._____________
Sand, fine __ _______
Clay____. __________
Shale..... __._._____


12 
5 


303 
31


12 
17 


320 
351


Sand, fine __ ______
Sand, medium _ ____


100 
30 
45


451 
481 
526


Cn-136. Shell Oil Co., Lake Charles
[Sec. 23, T. 9 S., R. 7 W.]


Clay.. _.........___
Sand, fine ___ ______
Clay._______. ______
Sand, fine, gray


62 
8 


22
58


62 
70 
92 


150


Sand, coarse, and


Sand, coarse, and
54 


39


204 


243


Cu-137. Shell Oil Co., Lake Charles
[Sec. 30, T. 9 S., R. 6 W.]


Clay.... _____ ___
Sand __ ____ ___


17 
12


17 
29


Clay_____. ____.___.
Sand... ____________


55 
222


84 
306


Cu-147. J. Metzger, Lake Charles
[Sec. 18, T. 10 S., R. 6 W.]


Clay.. _____________
Sand, red___ _______
Clay, yellow ____ _
Sand, fine, black __ _


15 
12
80 
40


15 
27 


107 
147


Sand, coarse, gray___ 
Sand, coarse, and 


gravel-.- _ ._ ___
Gumbo. blue__-_ __


40


169 
3


187


356 
359
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TABLE 8. Drillers' logs of representative wells in Calcasieu Parish Continued


Material
Thickness 


(feet)
Depth 
(feet) Material


Thickness 
(feet)


Depth 
(feet)


Cu-156. O. Prhno, Rt. 2, Iowa
[Sec. 35, T. 10 S., R. 7 W.]


Soil, top___ _______
SancL __ ___ ___ _
Clay, yellow. _____ _


10
8


183


10
18


201


Sand, fine_ _ ___ _ 90
165


291
456


Cu-159. E, Fruge, Lake Charles
[Sec. 25, T. 11 S., R. 7 W.]


Clay_______________
Shells. ______ ___
Gumbo_ _ _________
Sand, hard, and shale


10
6


99
35


10
16


115
150


Gumbo _ _____
Sand, hard, gray__ __


25
140
115


17£
31£
43C


Cu-165. Walter Helm, Lake Charles
[Sec. 29, T. 11 S., R. 7 W.]


Clay_______________
Sand, fine __ _______
Clay_______________
Clay, streaky. _ _


2
12
8


128
40


2
14
22


150
190


Gumbo__ ______ __
Shale, hard, sand_ _


10
193


7
6


200
393
400
406


Cu-172. E. Cobena, Lake Charles
[Sec. 2, T. 11 S., R. 8 W.]


Soil-______--.______
Clay_______________


Clay_______________
Sand, fine, white __ _


2
6
4


58
15


2
8


12
70
85


Clay and shale _
Sand, fine _____ _
Shale, gummy _______


Sand _ __ ___ _


305
41
99
14
95


390
431
530
544
639


Cu-173. C. Linkswiler, Lake Charles
[Sec. 26, T. 10 S., R. 8 W.]


Soil, top _ _____
Sand__ __ __ _____
Clay, blue ___ _ ___
Sand, fine, gray____
Clay, blue_ _ ___ _


Clay, blue. ______ _


10
24
24
21
64


126
20
94


10
34
58
79


143
269
289
383


Clay, blue _________
Sand, fine, gray. _ __


Sand, fine, gray__ __
Sand, gray ___ ____


Sand, coarse, gray__


55
91
10
62


115
6


47


438
529
539
601
716
722
769


Cu-186. V. M. Jones, Lake Charles
[Sec. 35, T. 9 S., R. 8 W.]


Gumbo __ ______ __
Sand, fine _ _ _ _
Gumbo __ __________


106
22


223


106
128
351


Sand.__________.___
Sand, white- _______
Sand and gravel


30
133
138


381
514
652
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TABLE 8. Drillers' logs of representative wells in Calcasieu Parish Continued


Material Thickness 
(feet)


Depth 
(feet)


Material Thickness 
(feet)


Depth 
(feet)


Cu-208. W. Caldwell, Lake Charles
[Sec. 6, T. 8 S., B. 8 WJ


Soil_--__-_--_-_-_._
Clay... ____________
Sand, fine__ _ __
Clay__-__-__.____
Sand, red __ _____
Clay. ______________


12
21
8


67
18


165


12
33
41
108
126
291


Sand-____.__ ______
Shale, sticky __ ___ _
Sand and gravel _ _


15
32
4
9


116


306
338
342
351
467


Cu-216. Newport Industries, Lake Charles
ISec. 18, T. 7 8., B. 10 W.]


Clay, red___ _ _____
Clay, yellow __ _____


Sand and gravel.


Sand


99 
46 
22 
73 


2 
46 


1 
71


99 
145 
167 
240 
242 
288 
289 
360


Shale, sandy _ _ _
Gumbo _ _ _______
Shale, sandy. _ _ ...
Sand, fine _ _______
Shale_________._____


Gumbo. ___ _-__ __


27 
44 
61 
62 
51 
21 


5 
22


387 
431 
492 
554 
605 
626 
631 
653


Cu-233. E. Wright, Lake Charles
[Sec. 1, T. 10 S., B. 12 W.]


Soil    _   _     _


Sand _ __ _ _ ____
Sand, yellow. ______
Shale, sandy. ______
Sand, fine, gray. _ _


2 
8 
5 


135 
40 
60


2 
10 
15 


150 
190 
250


Sand, coarse, and 
gravel__ ________


Gumbo _ ________ _


150 
10 
10


110 
5


400 
410 
420


530 
535


Cu-241. T. S. Stegall, Lake Charles
[Sec. 34, T. 9 S., B. 11 W.]


Soil   _   ____      .


Shale-______-__--_._


4 
11 
35 
10 
60 
40


4 
15 
50 
60 


120 
160


Shale __ _ _ ___ _


Sand, coarse, and


40 
70 


110


40


200 
270 
380


420


Cu-263. M. Drost, Lake Charles
[Sec. 3, T. 11 S., B. 10 W.]


Soil          
Sand, red _ _______


Shale _ _ __ __ _


Shale __ ___________


10
5


120
40
25
20
45


10
15


135
175
200
220
265


Sand, fine __ _ ____
Shale. ______ ____


Shale.... __ ... __


15
45
20


110


110


280
325
345
455


565
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TABLES & -Driller? logs of representative wetts in Calcasieu Parish Continued


Material Thickness 
(feet)


Depth 
(feet)


Material Thickness 
(feet)


Depth 
(feet)


Cn-443. U.S. Air Force, Lake Charles
[Sec. 2, T. 10 8., R. 8 W.]


Clay, sandy, red _ __
Sand, coarse
Gumbo _ _______ _
Sand and gravel. _ _
Gumbo __ ___ _
Clay
Shale ___ ____ ___
Gumbo___ _-_------_
Sand, fine. _ ____


48
12
33


7
40


2
103


59
20


48
60
93


100
140
142
245
304
324


Sand, coarse________
Sand, medium __ ___
Sand, medium,


coarse - ______ ___
Shale, sandy. _______
Sand, hard __ ______
Shale and sand______
Sand ______ _ __
Gumbo _ _______ _ _


40
59


67
23
31
23


118
16


364
423


490
513
544
567
685
701


Cu-445. Cities Service Refining Corp., Lake Charles
[Sec. 18, T. 10 S., K. 9 W.]


Soil
Sand, red__ __ _____
Gumbo and shale.
Sand _____ _ _____


12
28
129
90


12
40
169
259


Sand___-____   ---_
Shale _______________


130
153
23


389
542
565


Cu-446. Cities Service Refining Corp., Lake Charles
[Sec. 18, T. 10 S., R. 9 W.]


SoiL_______________
Sand, red_______-___
Gumbo and shale _ _
Sand _________
Gumbo and shale. ...


12
28


129
90


130


12
40


169
259
389


Sand______   ______
Gumbo and shale____
Sand        
Gumbo _ .   --___.


153
58


138
4


542
600
738
742


Cu-447. Town of Maplewood
[Sec. 31, T. 9 S., K. 9 W.]


Soil.. ______________
Clay, sandy _ ___ _
Sand, red ___ _____
Shale _______________
Clay__ ___ ________
Sand, fine ______


2
10
18
20
35
35


2
12
30
50
85


120


Shale. ______________
Sand, shaly_ ________
Shale __ _____ __
Sand, medium  
Shale. ... ............


98
18


144
113


10


218
236
380
493
503


Cu-449. Olin Mathieson Corp., Lake Charles
[Sec. 34, T. 9 S., R. 9 W.]


Soil..
Clay.
Shale __ __________
Sand _____ _ __ _


3
48
84


125


3
51


135
260


Shale
Sand, fine    _____
Sand, water. _ _____
Gumbo___     _____


107
13


137
23


367
380
517
540


CU-452. R. Royer, Lake Charles
[Sec 23, T. 88., R. 12 W.]


Soi-_.___-____  _.
Clay, sandy __ _____
Saad  _
Shale and gumbo. _._
Shate, sandy. _______ 
Gumbo
Sand, medium, white


2
38
47
68
45 


4
18


2
40
87


155
200 
204
222


Shale, gumbo _ _ _ _ _ _ _
Shale, gumbo- ______
Shale, sandy.. ______
Sand, fine, gray_____
Sand, medium, gray. 
Sand, coarse, and


gravel___. _--.___ _


26
39
18
30
89


11


248
287
305
335
424


435


5068.61 00  7
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TABLE & Drillers' logs of representative wetts in Oalcasieu Parish Continued


Material Thickness 
(feet)


Depth 
(feet)


Material Thickness 
(feet)


Depth 
(feet)


Cu-453. C. Patterson, Lake Charles
[Sec. 34, T. 10 S., R. 10 W.]


Soil -.........- 
Clay_______________
Sand _______________
Shale _________


3 
12 


5 
60


3
15 
20 
80


Shale, hard. ___ __ _


Sand _____ . ___ .


90 
90 
85


170 
260 
345


Cu-456. Paul Bellon, Gillis
[Sec. 22, T. 8 S., R. 8 W.]


Clay
Sand _______________
Shale _______________
Sand _______________
Shale _______________


85 
11 
59 


8 
37


85 
96 


155 
163 
200


Shale, sandy __ _ ___


Shale _______________
Sand, medium __ ___
Sand, coarse ________


66 
43 


4 
95 
28


266 
309 
313 
408 
436


Cu-462. Cit-Con Corp., Lake Charles
[Sec. 13, T. 10 S., R. 10 W.]


Clay, white. _____ _
Sand, fine __ _______
Gumbo _ _____ __ _


Sand, fine __ ______
Shale _______________
Sand __ __ _____ _


15
15


134
24
91
51
10


15
30


164
188
279
330
340


Gumbo _ __________
Sand, fine __ ______
Gumbo and shale____


Sand and shale _ ___
Sand __________
Shale and gumbo. ___


59
159


59
68
12
36
30


391
55}61'
68,69'
73:
76(


Cu-486. Town of Westlake
[Sec. 26, T. 9 S., R. 9 W.]


Soil___ ___ _ __ _._
Clay, sandy ___ _
Sand _______________
Clay...... _________
Shale ____ _______
Sand _______________
Shale _______________
Sand __________
Shale, sticky. __ _____
Sand __________
Shale _______________
Sand __________


4
8
4


22
12
5


15
3


65
65
25


5


4
12
16
38
50
55
70
73


138
203
228
233


Shale, sandy __ ______
Shale _________
Shale, sandy __ ______


Shale _______________
Sand ___ _ __ __ _
Sand, fine  _     _
Sand, medium. _ ____


Sand, gravel __._   _


18
67
40
22


1
4


64
22
22
22


6


25]
31*
35*
38(
381
381
44<
471
49?
511
521


Cu-498. J. E. Daigle, Lake Charles
[Sec. 28, T. 11 S., R. 8 W.]


Soil  _____________
Clay______________.


Sand, fine __ _ _____
Clay, soft _ ._ ____
Sand, fine __ _______
Gumbo__ _ ________
Shale, sticky ___ ____
Sand, coarse- _______


4
14
4


16
49
11
30


169
27


4
18
22
38
87
98


128
297
324


Shale, hard. __   ___
Shale, sticky.    __
Shale, sandy __    __
Shale____._ _________
Gumbo, hard. _ ____


Sand and gravel_____


Sand, fine __ _____


126
10
29
49
19
63


9
91
60


450
46^
48&
538
557
62ft
629
720*
780,
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Material
Thickness


(feet)
Depth
(feet) Material


Thickness 
(feet)


Depth
(feet)


Cn-510. L. Johnson, Sulphur
[Sec. 9, T. 9 S., R. 10 W.]


Soii____-______-__-
Shale. . __________
Sand, fine __ _ -___


3
87 
30


3 
90 


120


Shale _______ _ .
Sand, fine __ ______
Clay, sandy _ ______


180 
50 


100


300 
350 
450


Cu-513. Ed. Stine, Lake Charles 
[Sec. 19, T. 11 S., R. 10 W.]


Soil-_----_-_-___.__
Clay_---____--__-_
Sand
Shale
Sand ___      


3 
12 


7 
28


7


3 
15 
22 
50
57


Shale, hard_ ________
Shale, sandy_ _______
Sand, fine ___ _____
Sand and gravel-


143 
323 


37 
40


200 
523 
560 
600


Cu-SlS. M. Ellender, Lake Charles
[Sec. 8, T. 11 S., R. 10 W.]


Clay          
Shale, gummy __ ____
Shale and gumbo- ___ 
Sand and shale______
Shale_________._____


30 
35 
45 


119 
40


30 
65 


110 
229 
269


Shale, gummy __ __._
Shale, sandy _ _ _


Sand, medium _ ___


129 
35 
55
89


398 
433 
488 
577


Cu-518. Todd Bros., Lake Charles
[Sec. 3, T. 11 S., R. 7 W.]


Soil_. _________-..__
Clay
Sand, red________ __
Gumbo  ____ ______


3 
4 


13 
23


3
7 


20 
43


Clay. __ __________
Gumbo __ _____ ___
Sand, fine  ________
Clay, sand_-________


65 
62 
50 
35


108 
170 
220 
255


Cu-530. M. Gray, Lake Charles
[Sec. 4, T. 11 S., R. 12 W.]


Soil-__.____________
Clay__. -  ___.___
Sand
Clay


Sand________. ______


Shale _______ .-


4 
8 


11 
22 
30 


165 
93 
48


4 
12 
23 
45 
75 


240 
333 
381


Sand_ _ __-____--._
Shale ___ __ ___
Sand ________ _
Shale         
Sand, fine __ _ _-_
Shale __ _______..-
Sand __________
Boulder- ______ ____


50 
4 


21 
2 


136 
68 
83 


5


431 
435 
456 
458 
594 
662 
745
750


Co-534. W. Corbello, Lake Charles
[Sec. 6, T. 10 S., R. 12 W.]


Soil-   _--____   _


Shale  ____ ____ _
Sand ___ __.- ___
Shale, sticky ___ ___


Shale, hard.-   ____
Shale, soft   ________
Sand  __ . ____ _
Shale, hard__   _ _ _


3 
44 
20 
13 
40 
20 
30 
30 
19 
6


3 
47 
67 
80 


120 
140 
170 
200 
219 
225


Sand, fine .. ____
Shale, hard.-.. ____
Sand ___ _____
Shale _____ _ __ _
Sand __ ___________
Shale ___ .-_- __ _


Sand, coarse ________


19 
22 
34 
28 
35 
44 
36 


7 
57 
43


244 
266 
300 
328 
363 
407 
443 
450 
507 
550
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TABLE 8. Drillers' logs of representative wells in Calcasieu Parish Continued


Material Thickness 
(feet)


Depth 
(feet)


Material Thickness 
(feet)


Depth 
(feet)


Cu-536. G. E. Rowlins, Gillis
[Sec. 8, T. 8 8., R. 8 W.]


Clay, red___________


Shale__ __ ._ ______
Gumbo___ ______ ___
Shale______.________
Gumbo and shale____


40
40
20
39
61
50 
24


40
80
100
139
200
250 
274


Shale __________
Sand, fine __ ___ ___
Shale__.____________
Sand _ ______ _ ___
Shale____ ____ _ _ _
Sand, coarse, and


46
70
4
18
4


62


320
390
394
412
416


478


Cu-537. Country Club, Lake Charles
[Sec. 22, T. 10 S., R. 9 W,]


Clay_____. _________
Sand ____ ____ .
Shale_______________


20 
10 


395 
75


20 
30 


425 
500


Shale. ___ _________
Sand, fine __ _______
Shale. ___ _ ____


180 
30 
10 
40


680 
710 
720 
760


Cu-541. C. Reeves and Savol, Lake Charles
[Sec. 15, T. 9 S., R. 8 W.]


Soil   --__-___    _-
Clay _______________
Sand___ ______ ____


3 
52 


5


3
55 
60


Shale ________ ___
Sand, fine _ ________


290 
90 
45


350 
440
485


Co-544. C. Cornett, Bell City
[Sec. 28, T. 10 S., R. 6 W.I


Soil________________
Clay
Sand. __ __________
Shale ________ __


3
22 
10 


115


3
25 
35 


150


Sand, fine _ ________
Sand, coarse ______
Gravel. ___________


50 
50 
27


200 
250 
277


Cu-555. TownofVinton
[Sec. 15, T. 10 S., R. 12 W.]


Clay ________ _ _ _
Sand _ _____________
Clay_______________
Unknown _ ________
Sand _______________
Clay_______________
Sand __________ _


90
15
56
9


125
95
30
31


90
105
161
170
295
390
420
451


Sand_______________
Clay.__   _____ _____
Sand_ __ ___ __ _
Sand _______________
Clay   _   _     _


Clay-_.-___________


19
15
8
4
7


94
2
3


470
485
493
497
504
598
600
603


Cn-569. A. Cormier, Lake Charles
[Sec. 23, T. 8 S., R. 13 W.]


Clay, sandy_________
Sand, white_________
Shale_______________


15
40


277


15
55


332


120
38


452
490


Co-570. J. Johnson, Lake Charles
[Sec. 33, T. 8 S., R. 11 W.]


Clay_______________
Sand, medium _ _ __
Shale, gummy _ ____


110
46
72


110
156
228


66
106


294
400
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TABLE 8. Drillers' logs of representative wells in Oalcasieu Parish Continued


Material Thickness 
(feet)


Depth 
(feet)


Material Thickness 
(feet)


Depth 
(feet)


Cu-572. Stein and Kinney, Storks
[Sec. 12, T. 9 S., R. 13 WJ


Soil.. .._______.._..
Clay... ____________
Sand, fine __ ______
Sand, coarse. _______
Sand, gravel ________
Shale, sandy ________
Sand, fine ___________
Shale_______._______


4 
53 


8 
20 


8 
77 
33 
17


4 
57 
65 
85 
93 


170 
203 
220


Sand _ __-_-. _ ...
Shale  _ _ __ __-
Sand, fine__ ________
Sand, medium  ____


Sand___-_-.__---_-
Shale___- __ --_--_.


5 
112 
73 
16 
24 
43 
19 
3


225 
337 
410 
426 
450 
493 
512 
515


[Cu-621. Stein and Kuaney, Starks
[Sec. 31, T. 11 S., R. 11 W.]


Soil. __ _ _____ __
Gumbo _ __ ________
Gumbo _ ___ _ _____
Sand, coarse _____ _
Gumbo _ __ _ ______


5 
112 
54 
37 


112


5 
117 
171 
208 
320


Shale _________


Gumbo  ._    ____


87 
58 


120 
90


4


407 
465 
585 
675 
679


Cu-625. Stein and Kinney, Starks
[Sec. 11, T. 8 S., R. 13 W.]


Soil________________
Clay.______________
Sand.... _______
Shale _________


4 
67 
39 


220


4 
71 


110 
330


Sand, coarse, and
50 


80


380 


460


Cu-632. Mr. Coffey, Lake Charles
[Sec. 22, T. 8 S., R. 9 W.]


Soil, and clay__ __ _
Sand __________


75 
129


75 
204


Shale _ _ __ _ ______ 10 214


Cn-637. J. Lamkin and K. Breaux, Lake Charles
[Sec. 27, T. 11 S., R. 8 W.]


Soil _ _
Sand, red.... _ _ ___
Clay, red _ _________
Clay, blue___ _ _____
Clay. sandy__ _ ____


6 6 
9 15 


20 35 
25 60 
60 120


Sand____   _____ _
Shale. __. ______ _


Sand   ____________


80 
47 
57 
77 


124


280 
327 
384 
461 
585


Cu-641. Prairie Canal Co., Lake Charles
[Sec. 12, T. 11 S., R. 8 W.]


Clay _______________
Sand__ ______ _ ____
Shale __________
Sand, fine ____ ____
Shale _________


8
12


140
30
30


8
20


160
190
220


Sand, fine__     ___
Sand, coarse ________


40
50


61


260
310


371
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TABLE 8. Drillers' logs of representative weUs in Calcasieu Parish Continued


Material Thickness 
(feet)


Depth 
(feet)


Material Thickness 
(feet)


Depth 
(feet)


Cu-646. 1. Metzger, Iowa
[Sec. 18, T. 10 8., R. 6 W.]


Soil.. _-.___._.___.-
Clay... ___......_..
Sand __ ____ _ 


1
13
4


1
14
18


Shale ______ ... 97
120
95


115
235
330


Cu-651. D. W. Abbott, Welch
[Sec. 29, T. 9 8., R. 6 W.]


Soil.. .._-_..-_._...
Clay.... __...._....
Sand...... __.__._.
Clay _ ______ _ ...


3
22


5
100


3
25
30


130


Shale _________


Sand, coarse     -.
Sand and gravel   _.


110
60
20
80


24C
30C
32C
40C


Cu-653. Krause and Managan, Sulphnr
[Sec. 11, T. 9 8., R. 10 W.]


Soil..... .._._..._._
Clay, gray, buff _ _  
Clay, gray__      
Clay, brown _ __ __
Clay, brown, grayish, 


silty        -__-
Clay, brown, red, 


sandy ___ ___ ___
Clay, brown, red, lig-


Clay, brown, red, lig-


Clay, gray, red    _.
Clay, red, gray,


Sand, fine to medi 
um, white to gray 
ish, salt and pep 
per ___ . _ _____


Clay, brown, blue _ -


2 
8 


10 
10


10 


10


10 
20


20 
110


23


17 
14


2 
10 
20 
30


40 


50


60 
80


100 
210


233


250 
264


Clay, brown, blue, 
gray, white with 
shell fragments. 


Sand, fine, black, red,
crrppn


Sand, fine to coarse   
Clay-__._ _-_.__.__
Clay, red, blue, 


brown, lignitic   _ 
Wood, carbonized __ 
Sand, coarse, and


orrft VP!


Sand, coarse, and 
gravel with wood   


Sand, coarse, and


Sand, fine to medium- 
Sand, coarse, and 


gravel . . ________
Clay, blue  ___ ____


51


42 
33 
10


20 
3


63 


22


20 
20


5 
15


31£


357 
39C 
40C


42C
423


48C 


50.


528 
548


553 
56?


Ca-654. Continental Oil Co., Lake Cbarles
[Sec. 27, T. 9 S., R. 9 W.]


No log    _ -_ __
Clay    ___________
Sand and gravel _


50
105
130


50
155
285


Clay __________ 135
145


42C
56E


Cu-655, City «f Sulphur, Sulphur
[Sec. 34, T. 9 S., R. 10 W.]


Surface __ __ _______
Clay _____ _ ___
Sand and shale. _
Sandy shale ___ ____


2
246


12
18


2
248
260
278


Sand __________
Clay  -_- _ 
Sand _________
Sandy shale __ _____


112
2


188
92


39C
392
58C
672
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TABIJE 8. Drifters' logs of representative wetts in Calcasieu Parish Continned


Material Thickness 
(feet)


Depth 
(feet)


Material Thickness 
(feet1


Depth 
(feet)


Cu-666. Golf States Utilities Corp., Lake Charles
(Sec. 9, T. 9 S., R. 9 W.]


Soil----__--__---__-
Sand____ _ ________
Clay, yellow _ _ _ _
Sand, coarse __ _____
Gumbo ____ __ ___
Sand, good ___ _ __
Rock, lime __ ______
Sand, hard-  _______
Sand and shale. _____
Shale, sandy


14
8


173
25


100
270


10
90


130
70


14
22


195
220
320
590
600
690
820
890


Shale, sandy _   _
Sand, fine_ ________
Shale, sticky ________
Sand_.__-________-


Sand _ ___ ________
Shale, sandy ________


Gumbo   _ _______


100
280


11
219


55
38
27


270
130
184


990
1,270
1,281
1,500
1,555
1,593
1,620
1,890
2,020
2,204


TABLE 9. Wells used in fence diagram


Fence diagram


1_ ______
2_ ______
3______   _
4____ ______
5_____-_  
6_ ____ ___
7__________
8__._------
9____-__-_-
10_________
11__ ___ _
12__ __ ___
13_________
14__ ___ __
15_________
16__ ____
17____.____
18._---_-_-
19____---_-
20_______._
21_________
22___ ______
23___ ______
24______ ___
25_________
26____   ~
27______  


Well designation


Cu-625__. . _____________
Sun Oil Co _____________
Cu-216 __ ___________________


Shell Oil Co. _________________
Union Sulphur Co_ ____________
Continental Oil Co_ ___________
Humble Oil Co ________________
Placid Oil Co__ ____ __. _____
Cu-587__ _______ __ ______ ___
Cu-92__ _____________________
Cu-653. _____________________
Union Prod. Co _ _____________


Gulf Ref. Co.___-_-__. _______


Sexton Oil Co _____ __ __
Ohio Oil Co _________ __ _
Magnolia Petroleum Co___ ____
Union Sulphur Co._ _ ________
Stanolind Oil and Gas Co. _ _ . __


Cu-446 ______ _.__ ___ ___
Shell Oil Co____. _ ______ __
Cu-493 and Cu-151 __________
SohioOilCo ________ _____
Cu-655.. ____________________


Sec.


11
1


18
34


6
32
30
19
20
31
34
11
21
30
19
1Q
18
20


1
21
17
32
18
16
29
30
34


Location


Township


8S.
8S.
7S.
78.
8S.
78.
78.
6S.
9S.
98.
9S.
98.
8S.
9S.
9S.
9S.


108.
US.
12 S.
us.
us.
10 S.
10 S.
us.
10 S.
108.
98.


Range


13 W.
10 W.
10W.
10 W.


9 W.
7 W.
6 W.
9 W.
7 W.
8 W.
9 W.


10W.
10W.
10W.
11 W.
12 W.
12 W.
13 W.
12 W.
10W.


Q W


9 W.
9 W.
8W.
7W.
6W.


10W.
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Withdrawals, Water Levels, and Specific Conductance  
in the Chicot Aquifer System in Southwestern Louisiana, 
2000-03


By John K. Lovelace, Jared W. Fontenot, and C. Paul Frederick

Abstract


The Chicot aquifer system is the principal source of fresh 
ground-water supplies in southwestern Louisiana. Much of the 
area is rural and rice cultivation is the primary agricultural 
activity. About 540 million gallons per day were withdrawn 
from the aquifer system in southwestern Louisiana in 2000. 
Potentiometric-surface maps of the aquifer system were created 
for June 2002 and January 2003 to determine where water-level 
declines occur due to seasonal ground-water withdrawals. Dur-
ing June 2002, water levels in the aquifer system were more 
than 40 feet below the National Geodetic Vertical Datum of 
1929 (NGVD 29) in parts of Acadia, Calcasieu, Evangeline, and 
Jefferson Davis Parishes, in an area that generally coincides 
with rice-farming areas. During January 2003, water levels 
were more than 30 feet below NGVD 29 in these areas.


From June 2002 to January 2003, water levels generally 
recovered between 5 and 20 feet in the Chicot aquifer system in 
most of Acadia and Jefferson Davis Parishes, southeastern Cal-
casieu Parish, and southern Evangeline Parish, in an area that 
generally coincides with rice-farming areas. These water-level 
changes are representative of the areal extent and magnitude of 
typical seasonal water-level fluctuations that occur in the aqui-
fer system in response to seasonal ground-water withdrawals 
for rice irrigation.


The presence of saltwater has been documented in the Chi-
cot aquifer system beneath coastal parishes and in some areas 
where the aquifer system merges with the stratigraphically adja-
cent Atchafalaya aquifer. Data collected during the period 1943 
to 2003 from 1,355 wells screened in the massive, upper, and 
“200-foot” sands of the Chicot aquifer system and the Atchafa-
laya aquifer were used to delineate areas having similar specific 
conductance values and determine areas where wells are 
affected by saltwater. Near the outcrop area, specific conduc-
tance values in the Chicot aquifer system generally are less than 
150 µS/cm (microsiemens per centimeter at 25 degrees Cel-
sius). Specific conductance values increase south and east of the 
outcrop area. Specific conductance values generally range from 
151 to 500 µS/cm in rice-farming areas of northwestern Acadia 
Parish, southeastern Allen Parish, western Evangeline Parish, 


and northern and central Jefferson Davis Parish. Specific con-
ductance values generally range from 501 to 1,000 µS/cm in 
most of the remaining rice-farming areas. Specific conductance 
values often exceed 1,000 µS/cm in an area along the border 
between Calcasieu and Jefferson Davis Parishes near Iowa, 
Louisiana, parts of northeastern Cameron Parish, an area of 
northwestern and central St. Landry Parish; parts of Vermilion 
Parish, and several areas along the eastern boundary of the 
study area where the Chicot aquifer system merges with the 
Atchafalaya aquifer. The maximum specific conductance value, 
12,100 µS/cm, is from a well in Cameron Parish.


During 2000-03, specific conductance was measured in 
521 water samples from 166 wells screened in the Chicot aqui-
fer system or the Atchafalaya aquifer. Specific conductance val-
ues exceeded 1,000 µS/cm in water samples from wells in Cal-
casieu, Cameron, Jefferson Davis, St. Landry, St. Martin, St. 
Mary, and Vermilion Parishes. Specific conductance values 
exceeded 2,000 µS/cm in only two wells—an irrigation well 
located about 2 miles south of Iowa and a USGS observation 
well used to monitor saltwater encroachment in east-central 
Vermilion Parish. Specific conductance values increased 
steadily at one well, from 1,090 µS/cm in April 2000 to 
2,860 µS/cm in April 2003. Nearby wells did not show similar 
increases.


Specific conductance was measured hourly during pump-
ing at two irrigation wells between 2000 and 2003. Specific 
conductance values were greater than 1,000 µS/cm in both 
wells, indicating the presence of saltwater near the wells. Spe-
cific conductance values generally fluctuated about 150 µS/cm 
at both wells, but no long-term trends in the specific conduc-
tance were evident in either well.


Introduction


The Chicot aquifer system underlies an area of about 
9,000 mi2 in southwestern Louisiana (fig. 1) and is the principal 
source of fresh ground-water supplies in the region. Much of the 
area is rural, and rice cultivation is the primary agricultural 
activity. Withdrawals from the aquifer system, primarily for 
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LAND USED FOR RICE FARMING
     (SOURCE:   LOUISIANA DEPARTMENT
     OF ENVIRONMENTAL QUALITY, 1995)


Figure 1.  Location of the study area in southwestern Louisiana.
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rice irrigation, have caused water levels to decline as much as 
100 ft beneath some rice-farming areas of southwestern Louisi-
ana since the early 1900’s, creating an elongated cone of 
depression in the water-level surface over much of the region 
(Zack, 1971, p. 7-9 and pl. 2). In 1999, about 610,000 acres of 
rice were planted in southwestern Louisiana (fig. 1) (Louisiana 
Cooperative Extension Service, 2000). The water withdrawal 
rate from the aquifer system for rice irrigation in 2000, which 
was estimated based on 1999 acreage, was about 540 Mgal/d 
(Sargent, 2002, p. 17 and 92). Figure 2 shows water withdrawal 
rates for rice irrigation in southwestern Louisiana from 1960 to 
2000.


From 1990 to 2000, water levels at several observation 
wells screened in the Chicot aquifer system and located in rice-
farming areas declined at an average rate of 1 to 2 ft/yr 
(Tomaszewski and others, 2002, p. 11). Water levels in some 
areas of the aquifer system also fluctuate seasonally, primarily 
in response to ground-water withdrawals for rice irrigation 
(Nyman and others, 1990, p. 17), and wells in these areas could 
be affected seasonally.


The presence of saltwater1 has been documented in the 
Chicot aquifer system beneath coastal parishes, in some areas 
where the aquifer system merges with the stratigraphically adja-
cent Atchafalaya aquifer, and in isolated bodies of saltwater 
near Lake Charles, Iowa, and south of Abbeville, Louisiana 
(Nyman, 1984). Seasonal pumping for rice irrigation has altered 
flow directions in the Chicot aquifer system and can induce lat-
eral or upward movement of saltwater (Nyman, 1984, p. 1). 
Some irrigation wells screened in the aquifer system may be 
affected by saltwater encroachment, especially during periods 
of increased pumping in response to drought conditions.


 Some farmers and residents of southwestern Louisiana are 
concerned that water levels in the Chicot aquifer system may 
decline below pump intakes in their wells, leaving them without 
water, or that their wells will be affected by saltwater encroach-
ment. Current (2000-03) information is needed to (1) determine 
the location, duration, and magnitude of seasonal water-level 
declines; (2) delineate areas where wells are affected by saltwa-
ter; and (3) determine whether specific conductance, an indica-
tor of saltwater, is increasing in water from wells in these areas. 
In response to this need, the U.S. Geological Survey (USGS), in 
cooperation with the Louisiana State University Agricultural 
Center, Louisiana Cooperative Extensive Service (LCES), and 
the Louisiana Rice Research Board, established a study in 2000 
to monitor water levels and specific conductance in wells 
screened in the Chicot aquifer system over a 3-year period. 
Results of this study were reported periodically; potentiometric-
surface maps and data for June 2000 and January 2001 were 
published in Lovelace and others (2001; 2002). This is the third 
and final report.


Purpose and Scope


This report describes water withdrawals, water levels, and 
specific conductance in the Chicot aquifer system in southwest-
ern Louisiana during 2000-03. Trends in water levels and spe-
cific conductance also are discussed. Maps illustrate the poten-
tiometric surface of the massive, upper, and “200-foot” sands of 
the aquifer system during June 2002 and January 2003. Water-
level data from 141 wells used to construct the potentiometric 
surfaces are presented in a table. A map, based on data collected 
during 1943-2003, shows areas having similar specific conduc-
tance values in the massive, upper, and “200-foot” sands of the 
aquifer system. Specific conductance data collected during 
2000-03 from 166 wells in southwestern Louisiana, are pre-
sented in a table. Graphs of water level and specific conduc-
tance data from selected wells also are presented. All data pre-
sented are on file at the USGS office in Baton Rouge, 
Louisiana, and stored in the USGS National Water Information 
System data base.


Data presented in this report establish baseline conditions 
that could enable current (2003) and future farmers, agricultural 
agents, and water-resources managers to determine the effects 
of ground-water withdrawals on water levels and water quality 
in the Chicot aquifer system. Results of this study may help 
improve understanding of conditions in similar coastal settings 
in other areas of the United States.


Description of Study Area


The study area includes all or parts of 15 parishes in south-
western Louisiana: Acadia, Allen, Beauregard, Calcasieu, 
Cameron, Evangeline, Lafayette, Iberia, Jefferson Davis, 
Rapides, St. Landry, St. Martin, St. Mary, Vermilion, and Ver-
non Parishes (fig. 1). The climate is generally warm, humid, and 
temperate. The average annual temperature is about 20oC and 
the average annual precipitation is 55 in. (National Oceanic and 
Atmospheric Administration, 1995, p. 7, 9).


Data Collection and Methods


Water levels were measured using steel or electrical tapes 
marked with 0.01-ft gradations. Wells in which water levels 
were measured were not being pumped at the time the measure-
ments were made. In addition, water levels were measured 
hourly at five wells located in rice-farming areas during 
2000-03 using pressure transducers and data recorders.


Water samples for analysis of specific conductance and 
chloride concentration were collected from wells at a spigot or 
other discharge outlet. Many of the water samples were col-


1For the purposes of this report, saltwater is defined as water containing greater than 250 mg/L of chloride. Concentrations of chloride greater than 250 mg/L 
exceed the Secondary Maximum Contaminant Level (SMCL) for drinking water (U.S. Environmental Protection Agency, 1992). SMCL’s are established for con-
taminants that can adversely affect the aesthetic quality of drinking water. At high concentrations or values, health implications as well as aesthetic degradation 
also may exist. SMCL’s are not federally enforceable, but are intended as guidelines for the states.
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Figure 2. Water withdrawal rates for rice irrigation in southwestern Louisiana, 1960-2000 (Snider and Forbes, 1961; Bieber and Forbes, 
1966; Dial, 1970; Cardwell and Walter, 1979; Walter, 1982; Lurry, 1987; Lovelace, 1991; Lovelace and Johnson, 1996; Sargent, 2002).

lected by well owners, farmers, or LCES agents; bottles and 
instructions on how to sample were supplied by the USGS. 
These samples were sent to the USGS office in Baton Rouge 
where they were analyzed for specific conductance using a 
hand-held or bench-top conductivity meter. To accurately iden-
tify and verify locations of wells sampled by well owners, farm-
ers, or LCES agents, all wells were visited and many were res-
ampled by USGS personnel. To increase the areal coverage of 
sampled wells, additional wells in the study area were sampled 
by USGS personnel. Samples collected by USGS personnel 
were analyzed for specific conductance using a hand-held meter 
in the field. Sample collection and measurements of specific 
conductance made in the field or at the USGS office in Baton 
Rouge were in accordance with methods described in U.S. Geo-
logical Survey (1997-present). Samples collected by USGS per-
sonnel for analysis of chloride concentrations were sent to a 
USGS laboratory in Ocala, Florida, where they were analyzed 
for dissolved chloride and specific conductance using labora-
tory methods described in Fishman and Friedman (1989).


Specific conductance and temperature were measured 
hourly during 2000-03 at two irrigation wells using a conduc-
tance meter and data recorder. The probe to the conductance 
meter was placed in a custom-made receptacle through which 
water flowed while the well pump was running. When the pump 
stopped, the receptacle drained. The periods during which the 
pump was not running were evident from temperature fluctua-
tions, and data collected during these periods were discarded. 
Temperature data are not presented in this report.


State well-registration records currently (2003) list about 
3,200 active irrigation wells that are screened in the Chicot 
aquifer system. Less than 100 of these wells are screened in the 
deeper sands, which include the lower sand and the “500-foot” 
and “700-foot” sands of the Lake Charles area (Z. “Bo”  
Bolourchi, Louisiana Department of Transportation and Devel-
opment, written commun., 2003). Therefore, for the purposes of 
this report, references to the Chicot aquifer system in following 
sections refer to the Chicot massive sand, upper sand, and 
“200-foot” sand of the Lake Charles area unless otherwise  
indicated.
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Previous Investigations


Since the early 1900’s, many studies have focused on the 
occurrence and use of ground water, declining water levels, and 
saltwater encroachment in the Chicot aquifer system in south-
western Louisiana. Harris (1904) presented information about 
the underground waters of southwestern Louisiana and included 
a section on their use for water supplies and rice irrigation. Stan-
ley and Maher (1944) reported on declining water levels in Aca-
dia and Jefferson Davis Parishes due to ground-water with-
drawals for rice irrigation. Jones (1950a) discussed water 
quality and the occurrence of saltwater in the Chicot aquifer 
system and presented a map showing the maximum depth of 
occurrence of fresh ground water throughout southwestern Lou-
isiana. Jones and others (1954) presented the first comprehen-
sive report on the geology and ground-water resources of south-
western Louisiana, presented maps of the Chicot aquifer system 
and the base of freshwater, and discussed the presence of salt-
water and possibilities of saltwater encroachment in basal sands 
and coastal areas of the aquifer system. Harder (1960) presented 
a detailed report on the geology and ground-water resources of 
Calcasieu Parish, including a discussion of the occurrence and 
mobility of saltwater in the “200-foot” sand.


Fader (1957) updated the base-of-freshwater map by Jones 
and others (1954) and suggested five possible reasons for the 
presence of saltwater in the Chicot aquifer system: (1) incom-
plete flushing of the aquifer by freshwater, (2) lateral movement 
through formations, (3) downward seepage from surface 
sources, (4) vertical movement through underlying or overlying 
materials, and (5) upward movement along faults or around salt 
domes. Whitman and Kilburn (1963) discussed the occurrence 
and inland movement of saltwater in coastal areas of the upper 
sand due to increased ground-water withdrawals. Harder and 
others (1967) presented maps of the freshwater-saltwater inter-
face in the upper sand and discussed the rate of encroachment.


Zack (1971) summarized the results of 10 years of moni-
toring chloride concentrations in water from 30 wells of a net-
work established to monitor saltwater intrusion in the Chicot 
aquifer system. Nyman (1984) summarized chloride and spe-
cific conductance data collected by the USGS from wells in the 
Chicot aquifer system since 1937, focusing on data from the 
network. Nyman (1989) presented maps showing the range of 
various water-quality constituents and properties, including 
specific conductance, in the Chicot aquifer system. Lovelace 
(1999) updated the study by Nyman (1984) with chloride data 
collected during 1995-96. Potentiometric-surface maps of water 
levels in the Chicot aquifer system were published in many of 
these reports. Most recently, Tomaszewski and others (2002) 
determined trends in ground-water levels in monitor wells 
screened in the Chicot aquifer system for the approximate 
period 1990-2000.
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Hydrogeology


The Chicot aquifer system underlies most of southwestern 
Louisiana and parts of eastern Texas. The system is composed 
of deposits of silt, sand, and gravel separated by units of clay 
and sandy clay. The system dips and thickens toward the south 
and southeast. The sand units grade southward from coarse sand 
and gravel to finer sediments and become increasingly subdi-
vided by clay units. Eastward, toward the Atchafalaya River 
area, the Chicot aquifer system is overlain by and hydraulically 
connected to the Atchafalaya aquifer (Nyman, 1984, p. 4).


The Chicot aquifer system has been divided into three sub-
regions in Louisiana based on the occurrence of major clay 
units. In the northern part of the study area, which includes the 
outcrop area, the aquifer system is undifferentiated, mainly con-
sisting of a single massive sand. The approximate southern 
boundary of the massive sand is shown in figure 1. South of the 
massive sand, from eastern parts of Calcasieu and Cameron Par-
ishes to the Atchafalaya River, the Chicot aquifer system 
includes an upper and lower sand unit (Whitman and Kilburn, 
1963, p. 10). In most of Calcasieu Parish and central and west-
ern Cameron Parish, the aquifer system is subdivided into the 
“200-,” “500-,” and “700-foot” sands, named after their depths 
of occurrence in the Lake Charles area (Jones, 1950b, p. 2). The 
“200-foot” sand is stratigraphically equivalent to, and continu-
ous with, the upper sand. Figure 3 shows a partial hydrogeo-
logic column of aquifers and aquifer systems in southwestern 
Louisiana.


Recharge to the Chicot aquifer system is from infiltration 
of rainfall, vertical leakage, and lateral flow. Recharge from 
rainfall occurs in areas where the system crops out in northern 
Allen, Beauregard, and Evangeline Parishes and in southern 
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System Series Aquifer system
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ferentiated (massive 
sand)
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Chicot aquifer, 
upper sand unit


“500-foot” sand of Lake 
Charles area


“700-foot” sand of Lake 
Charles area


Chicot aquifer, 
lower sand unit


Figure 3. Partial hydrogeologic column of aquifers in southwestern Louisiana (modified from Lovelace and Lovelace, 1995, p. 10).

Rapides and Vernon Parishes (fig. 1). In these areas, precipita-
tion infiltrates sandy soil and moves slowly downdip toward 
points of discharge. Recharge from vertical leakage occurs 
through overlying and underlying confining units. Recharge by 
lateral movement of water occurs from the Atchafalaya aquifer 
(Nyman and others, 1990, p. 14). A computer simulation of the 
aquifer system indicated that, under 1981 conditions, more than 
90 percent of the water entering the Chicot aquifer system was 
discharged as pumpage, and 65 percent of the water pumped 
from the rice-farming area was supplied by recharge from the 
surface (Nyman and others, 1990, p. 33).


Withdrawals and Water Levels


During most of 1999 and 2000, southwestern Louisiana 
experienced below-average precipitation compared to the 
30-year period 1971-2000 (fig. 4) and moderate to severe 
drought conditions (Louisiana Office of State Climatology, 
1999-2003). Consequently, ground-water withdrawals for rice 
irrigation increased substantially during this period (fig. 2) (Sar-
gent, 2002, p. 127). In addition, many coastal streams and 
canals normally used for irrigation supplies were inundated by 
saltwater from the Gulf of Mexico because of the lack of fresh-
water flushing that normally occurs after precipitation (Louisi-
ana State University Agricultural Center, 2000). A comparison 
of data in water-use reports for 1990, 1995, and 2000, indicates 
that surface-water withdrawal rates for rice irrigation decreased 
and ground-water withdrawal rates for rice irrigation increased 
in Cameron and Vermilion Parishes in 2000 (Lovelace, 1991; 
Lovelace and Johnson, 1996; Sargent, 2002), presumably to 
offset the loss of surface-water supplies. 


The total water requirement for rice cultivation during the 
growing season, which typically extends from February 


through June, is between 36 and 42 in. During an average year, 
about half of this water is supplied by precipitation and half is 
supplied by irrigation (Covay and others, 1992). Zack (1971) 
showed that the amount of ground water withdrawn in south-
western Louisiana in any particular year is inversely propor-
tional to the total precipitation during the rice-growing season. 
Seasonal water withdrawals for rice irrigation typically begin in 
February and end in June. Consequently, water levels in the 
Chicot aquifer system typically decline from February through 
June in the rice-farming areas and potentiometric-surface maps 
for June generally show the lowest annual water levels (Love-
lace and others, 2002). After June, water levels typically begin 
to recover (rise) and potentiometric-surface maps for January 
generally show the highest annual water levels (Lovelace and 
others, 2001).


To determine the magnitude and areal extent of water-
level declines caused by seasonal ground-water withdrawals for 
rice irrigation, water-level data from 141 wells screened in the 
massive, upper, and “200-foot” sands (table 1) were collected. 
These data were used to construct potentiometric-surface maps 
of the Chicot aquifer system for June 2002 and January 2003.


During June 2002, the highest water level measured in the 
Chicot aquifer system, more than 160 ft above NGVD 29, was 
measured in the outcrop area in northern Beauregard Parish 
(fig. 5). Water levels were more than 40 ft below NGVD 29 in 
parts of Acadia, Calcasieu, Evangeline, Jefferson Davis, and 
adjacent parishes, in an area that generally coincides with rice-
farming areas. The lowest water level, 80 ft below NGVD 29, 
was measured at well Ev-751 in southern Evangeline Parish. A 
comparison of the shapes and locations of the -50-ft, -60-ft, and


-70-ft contours on the potentiometric-surface maps for June 
2000 (Lovelace and others, 2001, fig. 3) and June 2002 (fig. 5) 
indicates that water levels in the Chicot aquifer system 
responded similarly to water withdrawals for rice irrigation 
during the 2000 and 2002 rice-growing seasons.
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Figure 4. Departure from normal monthly precipitation (1971-2000) in southwestern Louisiana, January 1999 through June 2003 (Louisiana 
Office of State Climatology, 1999-2003).

During January 2003, the highest water levels, more than 
160 ft above NGVD 29, were measured in the outcrop area of 
the Chicot aquifer system in northern Beauregard Parish (fig. 
6). Water levels were more than 30 ft below NGVD 29 in parts 
of Acadia, Calcasieu, Evangeline, Jefferson Davis, and adjacent 
parishes, in an area that generally coincides with rice-farming 
areas (fig. 6). The lowest water levels, more than 60 ft below 
NGVD 29, were measured in wells Ac-929 in northern Acadia 
Parish and Ev-79 in southern Evangeline Parish. The similari-
ties between the shapes and locations of the -40-ft and -50-ft 
contours on the potentiometric-surface maps for January 2001 
(Lovelace and others, 2002, fig. 1) and January 2003 (fig. 6) 
indicate that water levels in the Chicot aquifer system recovered 
to similar levels after the 2000 and 2002 rice-growing seasons.


From June 2002 to January 2003, water levels recovered 
throughout most of the Chicot aquifer system in the study area 
in response to reduced withdrawals after the rice-growing sea-
son (fig. 7). Throughout much of the aquifer system, water lev-
els recovered less than 5 ft. However, in most of Acadia and Jef-
ferson Davis Parishes, southern Evangeline Parish, and 
southeastern Calcasieu Parish, in an area that generally coin-
cides with rice-farming areas, water levels generally recovered 


between 5 and 20 ft. The magnitude of the water-level increase 
and the shape of the area over which water levels recovered 
more than 5 ft are generally consistent with the water-level 
recovery that occurred between June 2000 and January 2001 
(Lovelace and others, 2002, fig. 4). The water-level changes 
shown in figure 7 and the previous water-level-change map are 
typical of the magnitude and areal extent of seasonal water-
level fluctuations that occur in the Chicot aquifer system in 
response to seasonal ground-water withdrawals for rice irriga-
tion.


To determine the duration of seasonal water-level declines 
due to ground-water withdrawals for rice irrigation, water levels 
in the Chicot aquifer system were measured hourly at five wells 
in the rice-farming areas during 2000-03 (fig. 8). The water lev-
els at these wells typically declined between 10 and 25 ft, begin-
ning in February or March and continuing through May or June. 
After June, water levels began to recover and generally contin-
ued to rise until seasonal ground-water withdrawals began the 
following year. Slight water-level declines, which often 
occurred during October, probably were due to withdrawals for 
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Figure 5.  Potentiometric surface of the massive, upper, and “200-foot” sands of the Chicot aquifer system in southwestern Louisiana, June 2002.
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Map credit:  Modified from Official Map of Louisiana, Louisiana Department of Transportation and Development, 1986
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     OF ENVIRONMENTAL QUALITY)


I-93


BOUNDARY OF FRESHWATER EXTENT OF
     THE CHICOT AQUIFER SYSTEM (modified 
     from Smoot, 1986)


Figure 7.  Water-level change in the  massive, upper, and “200-foot” sands of the Chicot aquifer system in southwestern Louisiana, June 2002 to January 2003.


Map credit:  Modified from Official Map of Louisiana, Louisiana Department of Transportation and Development, 1986
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Specific Conductance 11


Figure 8. Hourly water levels at selected wells screened in the Chicot aquifer system in southwestern Louisiana, 2000-03  
(see fig. 1 for well locations).

other purposes. The largest fluctuation of water levels, about 
25 ft, was noted at well JD-485A. Water levels at this well prob-
ably are influenced by nearby active irrigation wells. Water lev-
els fluctuated only about 10 ft annually at wells Ev-229 and 
Cn-92, which are located near the edge of the rice-farming area 
(fig. 1).


Specific Conductance


Specific conductance, as used in this report, is the primary 
indicator of saltwater (chloride concentration greater than 
250 mg/L). This chloride concentration correlates to a specific 
conductance value of about 1,300 µS/cm in water from the Chi-
cot aquifer system (fig. 9).


When used for irrigation, saltwater can inhibit rice growth 
and reduce grain yields (Grattan and others, 2002). Hill [n.d.] 
developed guidelines for using saltwater on rice in Louisiana 
and a table of commonly accepted tolerance of rice to selected 
saltwater concentrations (table 2). Hill indicates that water with 
a specific conductance value greater than about 2,000 µS/cm 
can adversely affect rice during early stages of development. 


Hill also indicates that continued use of irrigation water with a 
specific conductance value greater than about 1,000 µS/cm can 
cause a buildup of salt in the soil that could damage both crop 
and soil.


Concentrations of salt, as sodium chloride, commonly 
referred to as “total salts,” in parts per million and grains per 
gallon (table 2), are used by many farmers and agricultural 
agents in Louisiana. The concentration of total salts, in parts per 
million, is approximately equivalent to the concentration of 
total dissolved solids and is calculated by multiplying the spe-
cific conductance value, in microsiemens per centimeter, by 
0.64 (E.R. Funderburg, Louisiana State University Agricultural 
Center, written commun., 2000). The concentration of total 
salts, in grains per gallon, can be calculated by dividing the spe-
cific conductance value by 26.56 or by dividing the concentra-
tion of total salts, in parts per million, by 17.14. 


Data collected during the period 1943 to 2003 from 
1,355 wells screened in the massive, upper, and “200-foot” 
sands of the Chicot aquifer system and the Atchafalaya aquifer 
were used to delineate areas having similar specific conduc-
tance values and determine areas where wells are affected by 
saltwater (fig. 10). Areas having similar specific conductance 
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Figure 9. The relation between specific conductance values and chloride concentrations in the Chicot aquifer system in 
southwestern Louisiana.


Table 2. Commonly accepted tolerance of rice to selected saltwater concentrations (modified from Hill, [n.d]).


Specific conductance,
in microsiemens per 


centimeter at 25 degrees 
Celsius


Salt, as sodium 
chloride, in parts per 


million


Salt, as sodium 
chloride, in grains per 


gallon
Stage of growth


938 600 35 Tolerable at all stages, not harmful.


2,031 1,300 75 Rarely harmful and only to seedlings after the soil is 
dry enough to crack. Tolerable from tillering on to 
heading.


2,656 1,700 100 Harmful before tillering. Tolerable from jointing to 
heading.


5,312 3,400 200 Harmful before booting. Tolerable from booting to 
heading.


7,969 5,100 300 Harmful to all stages of growth. This concentration 
stops growth and can only be used at the heading stage 
when the soil is saturated with freshwater.







WESTERN BOUNDARY OF THE
     ATCHAFALAYA AQUIFER
     (modified from Nyman, 1989)
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Figure 10.  Specific conductance in the massive, upper, and “200-foot” sands of the Chicot aquifer system in southwestern Louisiana.


Map credit:  Modified from Official Map of Louisiana, Louisiana Department of Transportation and Development, 1986
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14 Withdrawals, Water Levels, and Specific Conductance in the Chicot Aquifer System

values were mapped based on the range of specific conductance 
values for water from the majority of wells sampled within an 
area. Specific conductance values at some wells are outside of 
the range shown for a particular area, but also are included in 
figure 10. For the purposes of this report, the maximum specific 
conductance value measured from a well was used when multi-
ple measurements had been made for that well. Field specific 
conductance values were used when available; laboratory spe-
cific conductance values were used when field values were 
unavailable.


In and near the outcrop area (fig. 1), specific conductance 
values generally are less than 150 µS/cm (fig. 10). Specific con-
ductance values increase south and east from the outcrop area. 
Specific conductance values generally range from 151 to 
500 µS/cm in rice-farming areas of northwestern Acadia Parish, 
southeastern Allen Parish, western Evangeline Parish, and 
northern and central Jefferson Davis Parish. Specific conduc-
tance values generally range from 501 to 1,000 µS/cm in most 
of the remaining rice-farming areas. Specific conductance val-
ues often exceed 1,000 µS/cm in an area along the border 
between Calcasieu and Jefferson Davis Parishes near Iowa; 
parts of northeastern Cameron Parish; an area of northwestern 
and central St. Landry Parish; parts of Vermilion Parish; and 
several areas along the eastern boundary of the study area where 
the Chicot aquifer system merges with the Atchafalaya aquifer. 
The maximum specific conductance value, 12,100 µS/cm, is 
from a well in Cameron Parish.


Fresh ground water is available throughout much of Loui-
siana, but is underlain by saltwater at some depth. The maxi-
mum depth of freshwater in an area is called the base of fresh-
water. In much of southwestern Louisiana, the base of 
freshwater within the Chicot aquifer system occurs at depths 
greater than 800 ft below NGVD 29 (Harder and others, 1967, 
pl. 6). In coastal parishes, the base of freshwater occurs within 
the Chicot aquifer system at depths less than 400 ft below 
NGVD 29 in several areas (Harder and others, 1967, pl. 6; 
Nyman, 1984, pl. 2). Specific conductance in wells sampled in 
these areas generally exceeds 1,000 µS/cm (fig. 10). In parts of 
northwestern, central, and eastern St. Landry Parish, where the 
base of freshwater occurs at depths less than 200 ft below 
NGVD 29 (Harder and others, 1967, pl. 6; Hosman and others, 
1970, pl. 1), specific conductance generally exceeds 
1,000 µS/cm.


Where the base of freshwater occurs within an aquifer, two 
distinct layers may be formed because saltwater is denser than 
freshwater. Because of the density difference, the contact 
between the freshwater and saltwater within an aquifer may 
form a mixing zone or interface. In areas of the Chicot aquifer 
system where a freshwater-saltwater interface is present 
(Nyman, 1984), high-capacity wells pumping from the fresh-
water part of the aquifer can draw saltwater from the lower part 
of the aquifer. As pumping continues, an increasing proportion 
of water drawn into the well could come from the lower, more 
saline part of the aquifer (Nyman, 1984, p. 11). According to 


Nyman (1984, p. 11), this saltwater coning, also termed “upcon-
ing,” is the most common cause of wells pumping saltwater in 
southwestern Louisiana. Some factors affecting the rate of 
upconing include: (1) the depth from the bottom of the well 
screen to the base of the aquifer, (2) the pumping rate, (3) the 
duration of pumping, (4) the vertical permeability of the aqui-
fer, (5) the thickness of the aquifer, and (6) the difference in 
density between the two waters (Nyman, 1984, p. 11). Decreas-
ing the rate or duration of pumping and screening high-capacity 
wells as far above the base of freshwater as possible could 
reduce the potential for upconing saltwater.


Specific conductance was measured in 521 water samples 
from 166 wells screened in the Chicot aquifer system or the 
Atchafalaya aquifer during 2000-03 to determine whether water 
from wells in areas where saltwater is present is becoming salt-
ier. Most of the sampled wells were used for irrigation. Figures 
11 and 12 show the locations of sampled wells; well construc-
tion and specific conductance data are included in table 3. 


Well records from the Louisiana Department of Transpor-
tation and Development indicate that almost 100 percent of the 
3,750 registered irrigation wells in the parishes where samples 
were collected are screened in the Chicot aquifer system or 
Atchafalaya aquifer (Z. “Bo” Bolourchi, Louisiana Department 
of Transportation and Development, written commun., 2003). 
Well-depth and screen-depth data were unavailable for 61 of the 
sampled wells. Although these wells are assumed to be screened 
in the Chicot aquifer system or the Atchafalaya aquifer because 
of their locations and use, the data are considered ancillary and 
specific conductance at these wells were not compared with 
specific conductance in wells of known depth.


Specific conductance values exceeded 1,000 µS/cm in 
water samples from wells in Calcasieu, Cameron, Jefferson 
Davis, St. Landry, St. Martin, St. Mary, and Vermilion Parishes. 
Specific conductance values exceeded 2,000 µS/cm in only two 
wells (table 3)—well Cu-UR003, which is an irrigation well 
located about 2 mi south of Iowa, and well Ve-637L, which is a 
USGS observation well used to monitor saltwater encroach-
ment in east-central Vermilion Parish.


Only a few wells used for irrigation were sampled fre-
quently enough throughout the period of the study to determine 
whether any trends in specific conductance were evident 
(table 3, fig. 13). For most of these wells, specific conductance 
values usually varied within a narrow range. However, specific 
conductance values increased steadily at well Cu-UR003 from 
1,090 µS/cm in April 2000 to 2,860 µS/cm in April 2003 
(table 3, fig. 13). Nearby wells, such as D-860 (table 3, fig. 13), 
did not show similar increases.


Specific conductance was measured hourly at two irriga-
tion wells, Cu-1386 (2001-03) and Cn-196 (2000-03) (fig. 14). 
Specific conductance values were greater than 1,000 µS/cm in 
both wells, indicating the presence of saltwater near the wells. 
The data indicate that several short pumping events took place 
at each well during the rice-growing seasons over the 3-year 
period of study. Specific conductance values generally fluctu- 
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Map credit:  Modified from Official Map of Louisiana, Louisiana Department of Transportation and Development, 1986
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Figure 14. Hourly specific conductance values during pumping at selected wells screened in the Chicot aquifer system in  
southwestern Louisiana, 2000-03 (see fig. 1 for well locations).
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ated about 150 µS/cm at both wells (fig. 14). Specific conduc-
tance values often increased 50 µS/cm or more in the wells dur-
ing the first few hours of a pumping event, then usually stabi-
lized to fluctuations within a range of 10 to 20 µS/cm. No long-
term trends in the specific conductance were evident in either 
well during the periods monitored.


Summary


The Chicot aquifer system is the principal source of fresh 
ground-water supplies in southwestern Louisiana. Much of the 
area is rural and rice cultivation is the primary agricultural 
activity. Withdrawals from the aquifer system, primarily for 
rice irrigation, have caused water levels to decline as much as 
100 feet beneath some rice-farming areas of southwestern Lou-
isiana since the early 1900’s, creating an elongated cone of 
depression in the potentiometric surface over much of the 
region. About 540 million gallons per day were withdrawn from 
the Chicot aquifer system in southwestern Louisiana in 2000.


From 1990 to 2000, water levels at several observation 
wells screened in the Chicot aquifer system and located in rice-
farming areas declined at an average rate of 1 to 2 feet per year. 
Some farmers and residents of southwestern Louisiana are con-
cerned that water levels in the aquifer system may decline 
below pump intakes in their wells, leaving them without water. 
Water levels in some areas of the aquifer system also fluctuate 
seasonally, primarily in response to ground-water withdrawals 
for rice irrigation, and wells in these areas could be affected sea-
sonally.


To determine the magnitude and areal extent of water-
level declines caused by seasonal ground-water withdrawals for 
rice irrigation, water-level data were collected from 141 wells 
screened in the massive, upper, and “200-foot” sands of the Chi-
cot aquifer system. These data were used to construct potentio-
metric-surface maps of the aquifer system for June 2002 and 
January 2003. During June 2002, water levels in the aquifer sys-
tem were more than 40 feet below the National Geodetic Verti-
cal Datum of 1929 (NGVD 29) in parts of Acadia, Calcasieu, 
Evangeline, and Jefferson Davis Parishes, in an area that gener-
ally coincides with rice-farming areas. The lowest water level, 
80 feet below NGVD 29, was measured in southern Evangeline 
Parish. During January 2003, water levels were more than 
30 feet below NGVD 29 in parts of Acadia, Calcasieu, Evange-
line, and Jefferson Davis Parishes, in an area that generally 
coincides with rice-farming areas. The lowest water levels, 
more than 60 feet below NGVD 29, were measured in small 
areas of northern Acadia and southern Evangeline Parishes.


From June 2002 to January 2003, water levels recovered 
throughout most of the Chicot aquifer system in the study area 
in response to reduced withdrawals after the rice-growing sea-
son. Throughout much of the aquifer system, water levels 
recovered less than 5 feet. However, in most of Acadia and Jef-
ferson Davis Parishes, southeastern Calcasieu Parish, and 


southern Evangeline Parish, in an area that generally coincides 
with rice-farming areas, water levels generally recovered 
between 5 and 20 feet. These water-level changes are typical of 
the magnitude and areal extent of seasonal water-level fluctua-
tions that occur in the Chicot aquifer system in response to sea-
sonal ground-water withdrawals for rice irrigation.


To determine the duration of seasonal water-level declines 
due to ground-water withdrawals for rice irrigation, water-lev-
els in the Chicot aquifer system were measured hourly at five 
wells in the rice-farming area during 2000-03. Water levels at 
these wells typically declined between 10 and 25 feet, begin-
ning in February or March and continuing through May or June. 
After June, water levels began to recover and generally contin-
ued to rise until seasonal ground-water withdrawals began the 
following year.


Saltwater in the Chicot aquifer system is a concern to farm-
ers in southwestern Louisiana. Continued use of irrigation water 
having a specific conductance value greater than about 
1,000 µS/cm (microsiemens per centimeter at 25 degrees Cel-
sius) can cause a buildup of salt in the soil that could damage 
both crop and soil. The presence of saltwater has been docu-
mented in the aquifer system beneath coastal parishes and in 
some areas where the aquifer system merges with the strati-
graphically adjacent Atchafalaya aquifer. Seasonal pumping for 
rice irrigation has altered flow directions in the Chicot aquifer 
system and can induce lateral or upward movement of saltwater. 
Some irrigation wells screened in the aquifer system may be 
affected by saltwater encroachment, especially during periods 
of increased pumping in response to drought conditions.


Data collected during the period 1943 to 2003 from 
1,355 wells screened in the massive, upper, and “200-foot” 
sands of the Chicot aquifer system and the Atchafalaya aquifer 
were used to delineate areas having similar specific conduc-
tance values and determine areas where wells are affected by 
saltwater. Areas having similar specific conductance values 
were mapped based on the range of specific conductance values 
for water from the majority of wells sampled within an area.


Near the outcrop area, specific conductance values typi-
cally are less than 150 µS/cm. Specific conductance values 
increase south and east from the outcrop area. Specific conduc-
tance values generally range from 151 to 500 µS/cm in rice-
farming areas of northwestern Acadia Parish, southeastern 
Allen Parish, western Evangeline Parish, and northern and cen-
tral Jefferson Davis Parish. Specific conductance values gener-
ally range from 501 to 1,000 µS/cm in most of the remaining 
rice-farming areas. Specific conductance values often exceed 
1,000 µS/cm in an area along the border between Calcasieu and 
Jefferson Davis Parishes near Iowa, Louisiana; parts of north-
eastern Cameron Parish; an area of northwestern and central St. 
Landry Parish; parts of Vermilion Parish; and several areas 
along the eastern boundary of the study area where the Chicot 
aquifer system merges with the Atchafalaya aquifer. The maxi-
mum specific conductance value, 12,100 µS/cm, is from a well 
in Cameron Parish.
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In areas of the Chicot aquifer system where a freshwater-
saltwater interface is present, high-capacity wells pumping 
from the freshwater portion of the aquifer can draw saltwater 
from the lower part of the aquifer. Screening high-capacity 
wells as far above the base of freshwater as possible could 
reduce the potential for upconing saltwater.


To document specific conductance in wells during 
2000-03 and determine whether water from wells in areas 
where saltwater is present is becoming saltier, specific conduc-
tance was measured in 521 water samples from 166 wells 
screened in the Chicot aquifer system or the Atchafalaya aquifer 
during 2000-03. Specific conductance values exceeded 
1,000 µS/cm in water samples from wells in Calcasieu, Cam-
eron, St. Landry, St. Martin, St. Mary, and Vermilion Parishes. 
Specific conductance values exceeded 2,000 µS/cm in only two 
wells—an irrigation well located about 2 miles south of Iowa 
and a USGS observation well used to monitor saltwater 
encroachment in east-central Vermilion Parish. Specific con-
ductance values increased steadily at one well, from 
1,090 µS/cm in April 2000 to 2,860 µS/cm in April 2003. 
Nearby wells did not show similar increases.


Specific conductance was measured hourly at two irriga-
tion wells during 2000-03. Specific conductance values were 
greater than 1,000 µS/cm in both wells, indicating the presence 
of saltwater near the wells. Specific conductance values gener-
ally fluctuated about 150 µS/cm at both wells, but no long-term 
trends in the specific conductance were evident in either well.
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Table 1.  Water-level data used to construct potentiometric-surface maps for June 2002 and January 2003, and water-level change map, June 2002 to January 2003, in the massive, 


ta]


Water-level 
changes,


June 2002 to 
January 2003


(feet)


 2003


 
el 
w 
e)


Altitude of 
water level 


(feet relative to 
NGVD 29)


-61.14 7.31


-38.50 24.50


-46.78 7.21


-51.52 8.26


-51.11 13.28


-44.25 --


-45.57 2.03


-27.17 --


-39.26 12.18


-56.98 7.69


-- --


-52.48 10.54


-59.69 4.94


-41.53 13.90


-51.90 13.05


-43.57 19.14


-41.21 12.36


-57.23 8.41


-34.32 3.49


-37.02 23.24

upper, and "200-foot" sands of the Chicot aquifer system in southwestern Louisiana. 


[NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112CHCT, massive sand; 112CHCTU, upper sand; and 11202LC, "200-foot" sand. --, no da


Well number Aquifer code


Altitude of
land surface


(feet relative to 
NGVD 29)


Depth of well 
(feet)


Water-level data


June 2002 January


Date
measured


Depth to 
water level 
(feet below 


land surface)


Altitude of 
water level 


(feet relative to 
NGVD 29)


Date
measured


Depth to
water lev
(feet belo


land surfac


Acadia Parish


Ac-24 112CHCT 41 284 6-05 109.45 -68.45 1-15 102.14


Ac-189 112CHCTU 26 -- 6-13 88.84 -63.00 1-14 64.34


Ac-294 112CHCTU 25 260 6-05 78.99 -53.99 1-14 71.78


Ac-296 112CHCTU 31 250 6-05 90.78 -59.78 1-14 82.52


Ac-326 112CHCTU 25.80 202 6-23 90.92 -64.39 1-15 76.91


Ac-332 112CHCTU 20 294 -- -- -- 1-14 64.25


Ac-334 112CHCT 40 300 6-05 87.60 -47.60 1-15 85.57


Ac-351 113CHCTU 12 230 -- -- -- 1-14 39.17


Ac-363 112CHCTU 9 258 6-06 60.44 -51.44 1-14 48.26


Ac-376 112CHCTU 32 250 6-06 96.67 -64.67 1-15 88.98


Ac-382 112CHCTU 11 292 6-13 63.45 -52.45 -- --


Ac-428 112CHCT 42 203 6-06 105.02 -63.02 1-14 94.48


Ac-464 112CHCTU 40 250 6-05 104.63 -64.63 1-14 99.69


Ac-475 112CHCTU 14 286 6-06 69.43 -55.43 1-14 55.53


Ac-500 112CHCTU 22 248 6-13 86.95 -64.95 1-15 73.90


Ac-537 112CHCTU 25 211 6-04 87.71 -62.71 1-15 68.57


Ac-539 112CHCTU 31 251 6-05 84.57 -53.57 1-14 72.21


Ac-618 112CHCT 40 249 6-05 105.64 -65.64 1-15 97.23


Ac-628 112CHCTU 35 250 6-05 72.81 -37.81 1-15 69.32


Ac-669 112CHCTU 15 176 6-06 75.26 -60.26 1-14 52.02
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-50.28 --


-51.24 6.56


-53.06 6.71


-41.50 --


-62.76 --


13.98 2.16


-10.55 .18


13.16 3.23


24.05 1.52


70.74 --


25.70 2.00


96.55 1.77


27.47 --


-25.18 .20


59.30 -.02


67.08 3.22


126.86 2.71


107.36 3.66


Table 1.  Water-level data used to construct potentiometric-surface maps for June 2002 and January 2003, and water-level change map, June 2002 to January 2003, in the massive, 


Water-level 
changes,


June 2002 to 
January 2003


(feet)


3


Altitude of 
water level 


(feet relative to 
NGVD 29)

Acadia Parish—Continued


Ac-825 112CHCT 43 266 -- -- -- 1-15 93.28


Ac-828 112CHCTU 21 302 6-06 78.80 -57.80 1-15 72.24


Ac-836 112CHCT 37 275 6-13 96.77 -59.77 1-14 90.06


Ac-876 112CHCTU 21 298 -- -- -- 1-15 62.50


Ac-929 112CHCTU 40 286 -- -- -- 1-15 102.76


Allen Parish


Al-6 112CHCT 80 -- 6-06 68.18 11.82 1-09 66.02


Al-215 112CHCT 70 207 6-06 80.73 -10.73 1-09 80.55


Al-241 112CHCT 42.97 62 6-06 33.04 9.93 1-08 29.81


Al-283 112CHCT 62 93 6-06 39.47 22.53 1-09 37.95


Al-293 112CHCT 100 84 -- -- -- 1-08 29.26


Al-294 112CHCT 48 142 6-06 24.30 23.70 1-08 22.30


Al-304 112CHCT 114 104 6-06 19.22 94.78 1-08 17.45


Al-396 112CHCT 57 315 -- -- -- 1-08 29.53


Beauregard Parish


Be-367 112CHCT 45 455 6-04 70.38 -25.38 1-08 70.18


Be-430 112CHCT 120 123 6-06 60.68 59.32 1-08 60.70


Be-431 112CHCT 70 84 6-06 6.14 63.86 1-08 2.92


Be-433 112CHCT 132 82 6-04 7.85 124.15 1-08 5.14


Be-435 112CHCT 129 124 6-04 25.30 103.70 1-15 21.64


upper, and "200-foot" sands of the Chicot aquifer system in southwestern Louisiana.—Continued


[NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112CHCT, massive sand; 112CHCTU, upper sand; and 11202LC, "200-foot" sand. --, no data]


Well number Aquifer code


Altitude of
land surface


(feet relative to 
NGVD 29)


Depth of well 
(feet)


Water-level data


June 2002 January 200


Date
measured


Depth to 
water level 
(feet below 


land surface)


Altitude of 
water level 


(feet relative to 
NGVD 29)


Date
measured


Depth to 
water level 
(feet below 


land surface)
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121.63 .69


167.90 1.62


169.90 --


59.20 1.50


51.01 4.24


83.10 --


14.38 2.22


-50.17 1.33


-24.93 1.07


-36.08 7.62


-41.39 1.87


-40.50 1.51


-32.03 21.34


-38.62 2.86


-42.31 2.77


-29.27 .26


-36.05 5.24


-22.65 4.65


Table 1.  Water-level data used to construct potentiometric-surface maps for June 2002 and January 2003, and water-level change map, June 2002 to January 2003, in the massive, 
upper, and "200-foot" sands of the Chicot aquifer system in southwestern Louisiana.—Continued


ta]


Water-level 
changes,


June 2002 to 
January 2003


(feet)


 2003


 
el 
w 
e)


Altitude of 
water level 


(feet relative to 
NGVD 29)

Beauregard Parish—Continued


Be-439 112CHCT 169 189 6-04 48.06 120.94 1-08 47.37


Be-440 112CHCT 212 169 6-04 45.72 166.28 1-15 44.10


Be-443 112CHCT 206 164 -- -- -- 1-15 36.10


Be-446 112CHCT 83 157 6-04 25.30 57.70 1-07 23.80


Be-457 112CHCT 95 155 6-04 48.23 46.77 1-07 43.99


Be-461 112CHCT 140 228 -- -- -- 1-07 56.90


Be-469 112CHCT 84 380 6-04 71.84 12.16 1-08 69.62


Calcasieu Parish


Cu-168 11202LC 7.81 375 6-05 59.31 -51.50 1-07 57.98


Cu-395 11202LC 12 200 6-04 38.00 -26.00 1-06 36.93


Cu-642 11202LC 19 287 6-06 62.70 -43.70 1-08 55.08


Cu-771 11202LC 17.76 241 6-05 61.02 -43.26 1-06 59.15


Cu-843 11202LC 12 205 6-05 54.01 -42.01 1-07 52.50


Cu-854 11202LC 20 430 6-05 73.37 -53.37 1-07 52.03


Cu-962 11202LC 11 287 6-05 52.48 -41.48 1-06 49.62


Cu-967 11202LC 12 240 6-05 57.08 -45.08 1-06 54.31


Cu-968 11202LC 10 276 6-05 39.53 -29.53 1-07 39.27


Cu-971 112CHCTU 5 500 6-07 46.29 -41.29 1-09 41.05


Cu-975 11202LC 20 237 6-06 47.30 -27.30 1-08 42.65


[NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112CHCT, massive sand; 112CHCTU, upper sand; and 11202LC, "200-foot" sand. --, no da


Well number Aquifer code


Altitude of
land surface


(feet relative to 
NGVD 29)


Depth of well 
(feet)


Water-level data


June 2002 January


Date
measured


Depth to 
water level 
(feet below 


land surface)


Altitude of 
water level 


(feet relative to 
NGVD 29)


Date
measured


Depth to
water lev
(feet belo


land surfac
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-44.74 5.39


-5.49 3.16


-44.72 .43


-1.44 2.95


-35.90 --


-35.77 22.92


-25.63 4.09


-28.74 .65


-26.97 2.67


-29.26 --


-26.03 5.39


-29.20 10.65


-18.57 -.57


-17.19 -.37


-41.98 10.19


-63.64 7.98


-30.05 10.02


67.11 -.30


Table 1.  Water-level data used to construct potentiometric-surface maps for June 2002 and January 2003, and water-level change map, June 2002 to January 2003, in the massive, 


Water-level 
changes,


June 2002 to 
January 2003


(feet)


3


Altitude of 
water level 


(feet relative to 
NGVD 29)

Calcasieu Parish—Continued


Cu-990 11202LC 14 183 6-05 64.13 -50.13 1-06 58.74


Cu-1066 11202LC 25 255 6-04 33.65 -8.65 1-07 30.49


Cu-1159 11202LC 13 280 6-05 58.15 -45.15 1-07 57.72


Cu-1245 11202LC 11 136 6-04 15.39 -4.39 1-07 12.44


Cu-1386 11202LC 24 325 -- -- -- 1-07 59.90


Cu-1422 11202LC 22 262 6-14 80.69 -58.69 1-07 57.77


Cu-6680Z 11202LC 11 170 6-04 40.72 -29.72 1-08 36.63


Cu-7082Z 11202LC 13 260 6-05 42.39 -29.39 1-07 41.74


Cameron Parish


Cn-80L 112CHCTU 4.73 481 6-14 37.37 -32.64 1-10 31.70


Cn-81L 112CHCTU 4.45 478 -- -- -- 1-10 33.71


Cn-90 11202LC 3.19 396 6-05 34.61 -31.42 1-07 29.22


Cn-92 11202LC 5.50 443 6-05 45.35 -39.85 1-07 34.70


Cn-93 112CHCTU 3.76 360 6-05 21.76 -18.00 1-07 22.33


Cn-118 112CHCTU 5 638 6-05 21.82 -16.82 1-07 22.19


Evngeline Parish


Ev-23 112CHCT 51.06 360 6-05 103.23 -52.17 1-08 93.04


Ev-79 112CHCT 55 250 6-04 126.62 -71.62 1-07 118.64


Ev-229 112CHCT 65.66 231 6-04 105.73 -40.07 1-07 95.71


Ev-500 112CHCT 117.52 120 6-04 50.11 67.41 1-07 50.41


upper, and "200-foot" sands of the Chicot aquifer system in southwestern Louisiana.—Continued


[NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112CHCT, massive sand; 112CHCTU, upper sand; and 11202LC, "200-foot" sand. --, no data]


Well number Aquifer code


Altitude of
land surface


(feet relative to 
NGVD 29)


Depth of well 
(feet)


Water-level data


June 2002 January 200


Date
measured


Depth to 
water level 
(feet below 


land surface)


Altitude of 
water level 


(feet relative to 
NGVD 29)


Date
measured


Depth to 
water level 
(feet below 


land surface)
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68.61 8.84


-30.82 4.47


77.76 --


-45.37 5.44


-8.20 3.42


73.16 -.23


-59.96 6.20


42.00 1.27


64.72 .48


-56.59 23.90


-53.91 13.77


-48.19 --


-5.96 2.48


-1.02 .11


-44.50 16.10


-37.96 1.55


-32.89 9.60


Table 1.  Water-level data used to construct potentiometric-surface maps for June 2002 and January 2003, and water-level change map, June 2002 to January 2003, in the massive, 
upper, and "200-foot" sands of the Chicot aquifer system in southwestern Louisiana.—Continued


ta]


Water-level 
changes,


June 2002 to 
January 2003


(feet)


 2003


 
el 
w 
e)


Altitude of 
water level 


(feet relative to 
NGVD 29)

Evngeline Parish—Continued


Ev-547 112CHCT 113.38 80 6-04 53.61 59.77 1-06 44.77


Ev-606 112CHCT 75 255 6-05 110.29 -35.29 1-08 105.82


Ev-623 112CHCT 137.20 96 -- -- -- 1-07 59.44


Ev-659 112CHCT 60.52 252 6-05 111.33 -50.81 1-07 105.89


Ev-665 112CHCT 59.29 100 6-04 70.91 -11.62 1-06 67.49


Ev-667 112CHCT 122.20 91.50 6-04 48.81 73.39 1-07 49.04


Ev-673 112CHCT 60 247 6-05 126.16 -66.16 1-08 119.96


Ev-679 112CHCT 46 70 6-04 5.27 40.73 1-07 4.00


Ev-680 112CHCT 120 89 6-04 55.76 64.24 1-07 55.28


Ev-751 112CHCT 53 275 6-05 133.49 -80.49 1-08 109.59


Ev-UR008 -- 56 -- 6-12 123.68 -67.68 1-09 109.91


Ev-UR009 -- 58 -- -- -- -- 1-09 106.19


Iberia Parish


I-19 112CHCTU 9.72 460 6-04 18.16 -8.44 1-13 15.68


I-93 112CHCTU 18.53 585 6-04 19.66 -1.13 1-13 19.55


Jefferson Davis Parish


JD-9 112CHCTU 24.10 318 6-11 84.70 -60.60 1-09 68.60


JD-31 112CHCT 50 250 6-10 89.51 -39.51 1-09 87.96


JD-33 112CHCTU 7.18 350 6-07 49.67 -42.49 1-10 40.07


[NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112CHCT, massive sand; 112CHCTU, upper sand; and 11202LC, "200-foot" sand. --, no da


Well number Aquifer code


Altitude of
land surface


(feet relative to 
NGVD 29)


Depth of well 
(feet)


Water-level data


June 2002 January


Date
measured


Depth to 
water level 
(feet below 


land surface)


Altitude of 
water level 


(feet relative to 
NGVD 29)


Date
measured


Depth to
water lev
(feet belo


land surfac
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-38.88 7.75


-30.77 6.04


-44.52 6.56


-43.11 5.80


-21.49 -5.79


-36.33 16.57


-33.26 .65


-42.68 12.40


-35.43 18.73


-52.90 7.42


-21.09 1.51


-- --


-49.20 5.47


-31.96 11.34


-41.27 16.66


-33.47 6.36


-29.38 8.46


Table 1.  Water-level data used to construct potentiometric-surface maps for June 2002 and January 2003, and water-level change map, June 2002 to January 2003, in the massive, 


Water-level 
changes,


June 2002 to 
January 2003


(feet)


3


Altitude of 
water level 


(feet relative to 
NGVD 29)

Jefferson Davis Parish—Continued


JD-166 112CHCTU 2 -- 6-11 84.63 -46.63 1-09 76.88


JD-222 112CHCTU 4.61 300 6-07 41.42 -36.81 1-09 35.38


JD-298 112CHCTU 15 297 6-14 66.08 -51.08 1-10 59.52


JD-317 112CHCT 42.27 289 6-11 91.18 -48.91 1-09 85.38


JD-353 112CHCT 25 300 6-06 40.70 -15.70 1-08 46.49


JD-401 112CHCTU 14 282 6-07 66.90 -52.90 1-09 50.33


JD-406 112CHCT 50 450 6-10 83.91 -33.91 1-09 83.26


JD-470 112CHCTU 10 325 6-07 65.08 -55.08 1-10 52.68


JD-485A 112CHCTU 21.36 290 6-07 75.52 -54.16 1-09 56.79


JD-492 112CHCTU 25 613 6-07 85.32 -60.32 1-10 77.90


JD-493 112CHCT 37.95 220 6-14 60.55 -22.60 1-09 59.04


JD-581 112CHCT 35 -- 6-11 88.44 -53.44 -- --


JD-740 112CHCT 35 264 6-10 89.67 -54.67 1-09 84.20


JD-751 112CHCTU 10 193 6-14 53.30 -43.30 1-10 41.96


JD-772 112CHCTU 27 340 6-11 84.93 -57.93 1-09 68.27


JD-835 112CHCTU 31 280 6-14 70.83 -39.83 1-09 64.47


JD-848 112CHCTU 32 243 6-06 69.84 -37.84 1-09 61.38


upper, and "200-foot" sands of the Chicot aquifer system in southwestern Louisiana.—Continued


[NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112CHCT, massive sand; 112CHCTU, upper sand; and 11202LC, "200-foot" sand. --, no data]


Well number Aquifer code


Altitude of
land surface


(feet relative to 
NGVD 29)


Depth of well 
(feet)


Water-level data


June 2002 January 200


Date
measured


Depth to 
water level 
(feet below 


land surface)


Altitude of 
water level 


(feet relative to 
NGVD 29)


Date
measured


Depth to 
water level 
(feet below 


land surface)
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-4.97 .83


-9.21 --


-24.80 --


-- --


-32.79 4.64


-3.37 .16


-35.58 --


-3.52 -0.28


-13.18 .43


-27.51 .44


-57.82 10.56


-48.65 -38.95


-9.65 .62


-51.68 1.45


5.58 -2.61


-1.80 -.47


Table 1.  Water-level data used to construct potentiometric-surface maps for June 2002 and January 2003, and water-level change map, June 2002 to January 2003, in the massive, 
upper, and "200-foot" sands of the Chicot aquifer system in southwestern Louisiana.—Continued


ta]


Water-level 
changes,


June 2002 to 
January 2003


(feet)


 2003


 
el 
w 
e)


Altitude of 
water level 


(feet relative to 
NGVD 29)

Lafayette Parish


Lf-524 112CHCTU 25 174 6-04 30.80 -5.80 1-13 29.97


Lf-662 112CHCTU 40.37 152 -- -- -- 1-13 49.58


Lf-822 112CHCTU 30 -- -- -- -- 1-14 54.80


Lf-823 112CHCTU 30 363 6-04 59.58 -29.58 -- --


Lf-914 112CHCTU 30 250 6-13 67.43 -37.43 1-14 62.79


Lf-958 112CHCTU 50 115 6-05 53.53 -3.53 1-13 53.37


St. Landry Parish


SL-142 112CHCT 50 235 -- -- -- 1-09 85.58


SL-179 112CHCT 55.23 94 6-04 58.47 -3.24 1-06 58.75


SL-190 112CHCT 74.36 175 6-06 87.97 -13.61 1-06 87.54


SL-331 112CHCT 62 -- 6-06 89.95 -27.95 1-09 89.51


SL-347 112CHCT 50 300 6-06 118.38 -68.38 1-09 107.82


SL-392 112CHCT 46.74 126 6-06 56.44 -9.70 1-10 95.39


SL-412 112CHCT 70 302 6-06 80.27 -10.27 1-10 79.65


SL-566 112CHCT 51 250 6-06 104.13 -53.13 1-10 102.68


St. Martin Parish


SMn-109 112CHCTU 11.34 375 6-04 3.15 8.19 1-13 5.76


St. Mary Parish


SM-57U 112CHCTU 8.72 638 6-04 10.05 -1.33 1-13 10.52


[NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112CHCT, massive sand; 112CHCTU, upper sand; and 11202LC, "200-foot" sand. --, no da


Well number Aquifer code


Altitude of
land surface


(feet relative to 
NGVD 29)


Depth of well 
(feet)


Water-level data


June 2002 January


Date
measured


Depth to 
water level 
(feet below 


land surface)


Altitude of 
water level 


(feet relative to 
NGVD 29)


Date
measured


Depth to
water lev
(feet belo


land surfac
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-5.73 .76


-20.39 5.42


-15.86 .99


-6.84 1.15


-- --


-18.89 1.71


-6.19 1.27


-5.08 1.29


-8.62 1.58


-9.37 1.11


-9.26 .83


-4.88 .01


-17.05 4.15


-29.34 .16


-26.50 3.29


-30.99 8.92


-37.07 10.50


Table 1.  Water-level data used to construct potentiometric-surface maps for June 2002 and January 2003, and water-level change map, June 2002 to January 2003, in the massive, 


Water-level 
changes,


June 2002 to 
January 2003


(feet)


3


Altitude of 
water level 


(feet relative to 
NGVD 29)

Vermilion Parish


Ve-28 112CHCTU 6.74 260 6-10 13.23 -6.49 1-15 12.47


Ve-442 112CHCTU 5.42 281 6-11 31.23 -25.81 1-14 25.81


Ve-460 112CHCTU 9.78 300 6-11 26.63 -16.85 1-14 25.64


Ve-501 112CHCTU 22 227 6-04 29.61 -7.99 1-13 28.46


Ve-556 112CHCTU 6 263 6-11 40.91 -34.91 -- --


Ve-586 112CHCTU 15.40 259 6-11 36.00 -20.60 1-15 34.29


Ve-629L 112CHCTU 1.79 487 6-10 9.25 -7.46 1-15 7.89


Ve-629U 112CHCTU 1.79 457 6-10 8.16 -6.37 1-15 6.87


Ve-630U 112CHCTU 4.75 528 6-10 14.95 -10.20 1-15 13.37


Ve-637L 112CHCTU 4.06 243 6-10 14.54 -10.48 1-15 13.43


Ve-637U 112CHCTU 4.06 198 6-10 14.15 -10.09 1-15 13.32


Ve-639 112CHCTU 5.84 608 6-10 10.73 -4.89 1-15 10.72


Ve-654 112CHCTU 9.60 267 6-11 30.80 -21.20 1-14 26.65


Ve-764 112CHCTU 15 250 6-11 44.50 -29.50 1-14 44.34


Ve-882 112CHCTU 10 279 6-11 39.79 -29.79 1-14 36.50


Ve-1134 112CHCTU 5 190 6-11 44.91 -39.91 1-14 35.99


Ve-1152 112CHCTU 10 235 6-11 57.57 -47.57 1-14 47.07


upper, and "200-foot" sands of the Chicot aquifer system in southwestern Louisiana.—Continued


[NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112CHCT, massive sand; 112CHCTU, upper sand; and 11202LC, "200-foot" sand. --, no data]


Well number Aquifer code


Altitude of
land surface


(feet relative to 
NGVD 29)


Depth of well 
(feet)


Water-level data


June 2002 January 200


Date
measured


Depth to 
water level 
(feet below 


land surface)


Altitude of 
water level 


(feet relative to 
NGVD 29)


Date
measured


Depth to 
water level 
(feet below 


land surface)
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Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


e sand; 112CHCTU, upper sand; 112CHCTS, 
 supply.  --, no data]


t 


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)


897 110


682 40


-- --


674 24


-- --


-- --


-- --


-- --


-- --


-- --


-- --


841 87


-- --


-- --


626 54


-- --


-- --


-- --


-- --


-- --

concentrations, 2000-03. 


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massiv
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public


Well 
number


Latitude 
(NAD 27)


Longitude 
(NAD 27) Aquifer code


Primary
use of 
well


Altitude of 
land surface 
(feet relative
to NGVD 29)


Depth 
of well 
(feet)


Depth 
to top 


of 
screen 
(feet)


Depth to 
bottom 


of 
screen 
(feet)


Date
sampled


Field specific 
conductance 


(microsiemens 
per centimeter a


25 degrees 
Celsius)


Acadia Parish


Ac-3 302623 921939 112CHCT I 50 338 -- -- 6-05-2002 912


Ac-69 302236 922029 112CHCT I 43 -- -- -- 6-05-2002 699


Ac-80 302240 921856 112CHCT I -- -- -- -- 5-22-2002 744


Ac-113 301441 922050 112CHCTU I 25 331 -- -- 5-03-2001 697


Ac-147 300731 922131 112CHCTU I 17.78 298 -- -- 6-28-2000 845


7-18-2000 831


8-14-2000 849


8-30-2000 839


10-09-2000 844


10-24-2000 852


4-05-2001 808


5-02-2001 860


5-10-2001 827


10-08-2001 858


Ac-179 301904 922725 112CHCTU I 34.61 313 -- -- 6-06-2002 626


Ac-204 301323 921723 112CHCTU I -- -- -- -- 6-01-2000 602


6-16-2000 555


6-28-2000 578


7-15-2000 602


8-02-2000 608
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-- --


-- --


-- --


-- --


612 22


539 12


711 36


375 37


-- --


793 41


803 41


771 39


792 38


794 42


799 40


799 40


716 36


672 27


-- --


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


112CHCTU, upper sand; 112CHCTS, 
  --, no data]


oratory specific 
conductance 
icrosiemens per 
entimeter at 25 
grees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Acadia Parish—Continued


Ac-204 301323 921723 112CHCTU I -- -- 8-15-2000 609


9-03-2000 610


9-16-2000 606


12-11-2000 606


5-02-2001 619


Ac-222 301904 921040 112CHCTU I 36 -- -- -- 6-05-2002 554


Ac-369 300850 922742 112CHCTU I 15 280 200 280 6-06-2002 727


Ac-394 302545 923445 112CHCT I 36 287 197.24 283.66 5-30-2002 386


Ac-446 302209 921924 112CHCT I 40 234 167 234 5-22-2002 735


Ac-451 300740 922650 112CHCTU N 14 293 212.5 293.4 3-15-2000 762


9-13-2000 771


3-09-2001 771


9-19-2001 765


4-09-2002 770


9-13-2002 759


3-28-2003 761


Ac-475 300848 922746 112CHCTU I 14 286 226.4 286.4 5-16-2001 735


Ac-477 300937 922144 112CHCTU I 20 269 208.95 269 5-16-2001 700


Ac-548 301558 922321 112CHCTU I 25 278 208 278 5-10-2001 676


5-24-2001 678


6-19-2001 684


7-12-2001 684


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive sand; 
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public supply.


Well 
number


Latitude 
(NAD 27)


Longitude 
(NAD 27) Aquifer code


Primary
use of 
well


Altitude of 
land surface 
(feet relative
to NGVD 29)


Depth 
of well 
(feet)


Depth 
to top 


of 
screen 
(feet)


Depth to 
bottom 


of 
screen 
(feet)


Date
sampled


Field specific 
conductance 


(microsiemens 
per centimeter at 


25 degrees 
Celsius)


Lab


(m
c
de
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528 24


636 43


651 26


747 60


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


714 29


427 40


434 39


671 39


710 45


706 78


791 87


673 61


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Acadia Parish—Continued


Ac-558 302109 921634 112CHCTU I 42 205 175 205 5-30-2002 --


Ac-618 302533 922051 112CHCT I 40 249 209 249 5-30-2002 670


Ac-711 301337 921814 112CHCTU I 25 260 238 260 5-02-2001 665


Ac-809 301430 922647 112CHCTU I 23 235 160 220 5-15-2001 758


Ac-822 301343 922024 112CHCTU I 25 300 -- -- 6-05-2000 686


6-20-2000 698


6-28-2000 569


7-15-2000 700


8-02-2000 679


8-15-2000 642


9-01-2000 700


9-16-2000 713


12-11-2000 701


5-02-2001 719


Ac-836 302304 923431 112CHCT I 37 275 -- -- 5-31-2002 444


6-06-2002 444


Ac-848 302254 922045 112CHCT I 42 248 168 241 5-15-2001 692


Ac-855 302528 921742 112CHCT I 45 253 179 252 5-30-2002 727


Ac-857 302158 922756 112CHCT I 41 272 174 271 5-31-2002 771


Ac-919 300846 923227 112CHCTU I 10 274 202 273 4-30-2003 806


Ac-929 302515 922431 112CHCTU I 40 285 203 285 5-15-2001 690


Ac-971 302309 921835 -- I 46 -- -- -- 5-22-2002 750


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup


Well 
number


Latitude 
(NAD 27)


Longitude 
(NAD 27) Aquifer code


Primary
use of 
well


Altitude of 
land surface 
(feet relative
to NGVD 29)


Depth 
of well 
(feet)


Depth 
to top 


of 
screen 
(feet)


Depth to 
bottom 


of 
screen 
(feet)


Date
sampled


Field specific 
conductance 


(microsiemens 
per centimeter at 


25 degrees 
Celsius)
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-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


685 23


-- --


-- --


-- --


-- --


679 46


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


and; 112CHCTU, upper sand; 112CHCTS, 
pply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Acadia Parish—Continued


Ac-980 302055 921946 112CHCTU I 36 276 179 274 5-22-2002 727


Ac-UR001 300847 923245 -- I 10 -- -- -- 5-11-2000 847


5-20-2000 787


Ac-UR004 300847 923312 -- I 11 -- -- -- 6-28-2000 823


7-29-2000 814


Ac-UR006 300827 922501 -- I -- -- -- -- 6-28-2000 682


7-18-2000 677


8-14-2000 690


8-30-2000 685


10-09-2000 677


10-24-2000 687


4-05-2001 676


5-02-2001 699


5-04-2001 675


5-18-2001 676


7-17-2001 682


10-08-2001 692


Ac-UR007 302202 922151 -- I 40 -- -- -- 5-15-2001 705


Ac-UR008 301629 922317 -- I -- -- -- -- 5-24-2001 690


6-19-2001 689


7-12-2001 673


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive s
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public su


Well 
number


Latitude 
(NAD 27)


Longitude 
(NAD 27) Aquifer code


Primary
use of 
well


Altitude of 
land surface 
(feet relative
to NGVD 29)


Depth 
of well 
(feet)


Depth 
to top 


of 
screen 
(feet)


Depth to 
bottom 


of 
screen 
(feet)


Date
sampled


Field specific 
conductance 


(microsiemens 
per centimeter at 


25 degrees 
Celsius)
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508 38


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


733 49


-- --


415 16


425 16


421 15


419 15


416 16


415 16


416 16


528 49


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Calcasieu Parish


Cu-168 300440 930845 11202LC I 7.81 375 -- -- 6-04-2001 514


Cu-171 300820 930837 11202LC I 13 375 -- -- 4-27-2000 466


5-16-2000 466


5-06-2001 480


5-16-2001 491


5-19-2001 481


5-23-2001 497


5-30-2001 497


6-19-2001 491


6-26-2001 498


Cu-633 300545 930652 11202LC I -- 300 -- -- 5-18-2000 732


6-18-2000 754


5-22-2001 746


Cu-688 300540 931303 11205LC I 10.96 694 614 694 6-22-2000 550


Cu-771 301336 931830 11202LC O 17.76 241 231 241 3-14-2000 420


9-12-2000 425


3-07-2001 409


9-17-2001 424


4-11-2002 425


9-12-2002 430


3-27-2003 429


Cu-787 300353 932102 11205LC O 4.33 734 729 734 3-14-2000 543


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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527 50


532 48


520 47


510 46


509 45


507 45


-- --


998 130


753 140


750 140


744 140


729 140


722 130


733 140


-- --


-- --


783 57


-- --


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Calcasieu Parish—Continued


Cu-787 300353 932102 11205LC O 4.33 734 9-12-2000 537


3-06-2001 514


9-18-2001 527


4-11-2002 525


9-12-2002 523


3-27-2003 523


Cu-812 301211 930133 112CHCTU I -- 265 -- -- 5-15-2000 993


4-30-2003 1,010


Cu-960 301031 932049 11205LC O 21 598 592 598 9-13-2000 774


3-05-2001 759


9-17-2001 755


4-10-2002 758


9-12-2002 754


3-27-2003 766


Cu-1012 300707 930435 11202LC I 20 363 280.2 363 5-17-2000 817


6-20-2000 769


4-29-2003 789


Cu-1092 300858 931131 11205LC I 17.5 600 519.2 600.1 5-18-2000 488


Cu-1093 301341 930024 112CHCTU I 25 303 243 303 4-24-2000 906


5-20-2000 915


6-16-2000 916


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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Depth 
to top 


of 
screen 
(feet)
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-- --


-- --


-- --


-- --


-- --


1,220 260


-- --


-- --


-- --


-- --


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Calcasieu Parish—Continued


9-03-2000 901


Cu-1093 301341 930024 112CHCTU I 25 303 4-16-2001 900


5-28-2001 891


5-02-2002 933


Cu-1211 301753 930239 11202LC I 20 205 143 205 5-16-2000 826


Cu-1253 301544 930455 11202LC I 21 236 176 236 4-24-2000 1,220


5-08-2000 1,230


5-20-2000 1,180


7-07-2000 1,180


9-01-2000 1,190


3-08-2001 1,200


4-12-2001 1,190


5-03-2001 1,140


5-10-2001 1,070


5-22-2001 1,230


5-27-2001 1,180


4-02-2002 1,230


5-09-2002 1,220


5-01-2003 1,200


Cu-1287 301223 930420 11202LC I 20 282 200 282 5-07-2000 1,270


5-18-2000 1,270


Cu-1369 301040 930823 11205LC I 21 594 -- -- 5-16-2000 504


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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-- --


510 57


784 140


734 130


712 120


673 110


671 110


663 110


-- --


1,350 160


-- --


-- --


-- --


-- --


-- --


989 120


-- --


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


and; 112CHCTU, upper sand; 112CHCTS, 
pply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Calcasieu Parish—Continued


6-21-2000 512


Cu-1369 301040 930823 11205LC I 21 594 5-15-2001 515


Cu-1385 301324 931705 11205LC N 15 580 400 575 3-14-2000 805


9-13-2000 754


3-06-2001 715


10-11-2001 699


9-12-2002 699


3-27-2003 694


Cu-1386 301048 930348 11202LC I 24 325 204 316 4-06-2000 1,380


5-09-2001 1,380


6-05-2001 1,230


Cu-1387 301100 930305 11202LC I 30 283 203 283 4-26-2000 1,350


6-07-2000 1,330


6-05-2001 1,210


7-25-2001 1,160


Cu-1389 301123 930119 112CHCTU I 24 302 182 302 5-22-2001 997


Cu-1391 301205 930157 11202LC I 23 254 -- -- 4-25-2000 1,080


5-15-2000 1,090


Cu-1397 301307 930409 11202LC I 22 291 181 291 4-26-2000 1,310


6-07-2000 1,290


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive s
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public su
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25 degrees 
Celsius)
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1,220 260


1,180 200


-- --


483 42


-- --


-- --


-- --


-- --


-- --


-- --


895 74


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Calcasieu Parish—Continued


5-22-2001 1,290


6-05-2001 1,160


Cu-1398 300954 930535 11202LC I 22 322 216 321 4-27-2000 1,060


Cu-1398 300954 930535 11202LC I 22 322 5-16-2000 985


4-23-2001 973


Cu-1402 301006 925948 112CHCTU I 17 275 255 275 5-05-2000 1,690


5-15-2000 1,100


5-23-2000 1,360


6-09-2000 1,020


Cu-1415 301353 930224 11202LC I 16 273 167 272 4-25-2000 1,240


5-15-2000 1,250


5-23-2001 1,250


Cu-1422 301250 930320 11202LC I 22 262 200 262 6-05-2002 1,120


Cu-1432 300930 930944 11202LC I 19 272 202 272 6-12-2000 488


5-22-2001 494


Cu-9069Z 300838 930318 11202LC I 21 270 260 270 4-26-2000 714


5-16-2000 897


5-27-2000 713


6-08-2000 912


6-17-2000 907


6-22-2000 913


5-15-2001 900


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup


Well 
number


Latitude 
(NAD 27)
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Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


and; 112CHCTU, upper sand; 112CHCTS, 
pply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Calcasieu Parish—Continued


Cu-UR001 300928 932941 -- I 15 -- -- -- 5-17-2001 434


5-18-2001 433


Cu-UR002 300815 932836 -- I 10 -- -- -- 5-17-2001 506


Cu-UR002 300815 932836 -- I 10 -- 5-18-2001 526


5-19-2001 534


Cu-UR003 301225 925954 -- I 23 190 150 190 4-27-2000 1,090


6-16-2000 1,130


4-02-2001 1,700


4-24-2001 2,020


5-22-2001 1,930


6-20-2001 2,010


8-30-2001 2,140


2-15-2002 2,750


3-18-2002 2,440


6-01-2002 2,150


4-08-2003 2,860


Cu-UR004 301340 930133 -- I 23 -- -- -- 4-25-2000 1,080


5-15-2000 1,090


Cu-UR005 300536 930547 -- I 26 -- -- -- 6-12-2000 825


6-17-2000 801


Cu-UR006 300351 930648 -- I 16 -- -- -- 4-28-2000 714


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive s
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public su
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1,260 250


1,180 270


1,250 260


1,260 260


1,260 260


1,240 250


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Calcasieu Parish—Continued


Cu-UR009 300830 930559 -- I 19 -- -- -- 4-27-2000 982


5-31-2000 988


Cu-UR010 301009 930241 -- I 20 -- -- -- 7-11-2000 688


7-18-2000 676


Cu-UR010 301009 930241 -- I 20 -- 7-25-2000 674


Cu-UR015 300817 930250 -- I -- -- -- -- 5-16-2000 653


6-21-2000 645


5-15-2001 640


Cu-UR016 301347 925948 -- I 30 -- -- -- 4-25-2000 614


5-16-2000 611


5-17-2000 617


Cu-UR019 300639 930502 -- I -- -- -- -- 5-16-2000 962


6-20-2000 957


Cameron Parish


Cn-22 300042 930854 11202LC I 10 388 -- -- 1-30-2000 572


4-27-2000 570


Cn-80L 295846 923811 112CHCTU O 4.73 481 475 481 3-15-2000 1,290


9-13-2000 1,210


3-09-2001 1,300


9-19-2001 1,300


4-09-2002 1,300


9-10-2002 1,280


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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1,270 260


960 160


962 170


973 170


963 170


959 170


959 160


955 160


1,770 390


1,770 410


1,840 430


1,890 450


1,840 430


1,820 420


1,800 410


-- --


-- --


-- --


-- --


-- --


1,210 240


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Cameron Parish—Continued


3-28-2003 1,320


Cn-90 295611 930448 11202LC O 3.19 396 386 396 3-13-2000 998


9-11-2000 985


3-07-2001 964


Cn- 90 295611 930448 11202LC O 3.19 396 9-18-2001 980


4-10-2002 985


9-11-2002 988


3-26-2003 996


Cn-92 300104 930156 11202LC O 5.5 443 438 443 3-13-2000 1,830


9-12-2000 1,820


3-07-2001 1,870


9-18-2001 1,950


4-10-2002 1,900


9-11-2002 1,870


3-26-2003 1,850


Cn-196 300122 930604 11202LC I 10 420 320 420 4-20-2000 1,270


5-11-2000 1,270


5-25-2000 1,270


6-03-2000 1,270


6-15-2000 1,270


4-29-2003 1,250


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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25 degrees 
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720 68


321 27


323 12


580 66


751 110


712 83


471 24


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


nd; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Cameron Parish—Continued


Cn-197 300216 930518 11202LC I 10 462 362 462 4-27-2000 762


6-14-2000 764


Cn-198 300029 930716 11202LC I 10 402 302 402 4-20-2000 1,190


5-11-2000 1,190


5-25-2000 1,190


Cn-198 300029 930716 11202LC I 10 402 6-03-2000 1,190


6-16-2000 1,200


6-21-2000 1,180


6-29-2000 1,160


7-19-2000 1,190


Cn-UR001 300001 930859 -- I 10 -- -- -- 4-27-2000 622


5-31-2000 622


Cn-UR002 300150 930718 -- I 20 -- -- -- 4-27-2000 853


5-31-2000 861


Evangeline Parish


Ev-673 303801 922500 112CHCT P 60 247 187 247 5-16-2001 740


Ev-834 303617 923013 112CHCT I 50 260 190 260 5-15-2001 336


Ev-879 304545 921911 112CHCT I 80 220 153 220 5-16-2001 341


Ev-889 303944 922725 112CHCT I 60 201 151 201 5-15-2001 599


Ev-923 304201 922636 112CHCT I -- 188 -- -- 5-16-2001 793


Ev-UR001 303832 922637 -- I -- -- -- -- 5-15-2001 737


Ev-UR003 303832 922744 -- I -- -- -- -- 5-15-2001 488


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive sa
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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458 32


648 28


621 60


526 57


-- --


-- --


-- --


713 43


714 42


711 40


702 39


701 39


689 37


691 38


-- --


-- --


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


sand; 112CHCTU, upper sand; 112CHCTS, 
upply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Evangeline Parish—Continued


Ev-UR004 304036 922343 -- I -- -- -- -- 5-16-2001 479


Ev-UR005 303704 921717 -- I -- -- -- -- 5-16-2001 689


Ev-UR006 304254 922021 -- I -- -- -- -- 5-17-2001 648


Ev-UR007 304346 922015 -- I -- -- -- -- 5-17-2001 546


Ev-UR009 303222 922206 -- I 58 -- -- -- 4-07-2001 606


Ev-UR009 303222 922206 -- I 58 -- 4-17-2001 603


4-23-2001 604


Iberia Parish


I-93 300035 914433 112CHCTU O 18.53 585 580 585 3-16-2000 734


9-15-2000 740


3-08-2001 728


9-13-2001 716


3-27-2002 729


9-10-2002 728


3-25-2003 730


Jefferson Davis Parish


JD-50 301244 924435 112CHCTU I -- 310 -- -- 6-06-2000 455


7-07-2000 450


JD-79 300404 924429 112CHCTU I 18.77 313 -- -- 6-18-2001 588


6-20-2001 585


JD-135 301439 924637 112CHCTU I 20 -- -- -- 5-17-2000 449


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive 
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public s
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Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Jefferson Davis Parish—Continued


6-08-2000 450


5-03-2001 454


3-06-2002 467


6-10-2002 452


JD-176 301536 924405 112CHCTU I -- 290 -- -- 4-24-2000 888


7-31-2000 857


JD-176 301536 924405 112CHCTU I -- 290 8-10-2000 858


9-04-2000 849


10-02-2000 857


3-02-2001 874


4-02-2001 867


5-08-2001 848


7-05-2001 846


8-25-2001 862


JD-241 301913 925848 112CHCTU I 25 275 195 275 4-22-2001 554


JD-352 302314 925713 112CHCT I 30 329 -- -- 4-21-2000 259


5-30-2000 259


JD-447 302050 925645 112CHCT I -- 262 -- -- 3-06-2001 318


4-05-2001 317


5-07-2001 321


5-25-2001 320


7-22-2001 325


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


693 99


696 100


696 99


695 98


690 99


680 96


692 98


-- --


226 22


438 49


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Jefferson Davis Parish—Continued


4-22-2002 344


5-06-2002 339


5-14-2002 341


6-05-2002 336


3-04-2003 337


JD-469 300845 924313 112CHCTU I 15 276 196 276 2-25-2001 615


JD-469 300845 924313 112CHCTU I 15 276 4-06-2001 613


5-22-2001 614


6-30-2001 616


8-24-2001 623


JD-491 300508 924056 112CHCTU P 10 377 326 377 3-15-2000 701


9-13-2000 713


3-09-2001 705


9-19-2001 712


4-09-2002 711


9-13-2002 712


3-28-2003 717


JD-493 302509 925321 112CHCT I 37.95 220 160 220 5-25-2001 245


6-06-2002 245


JD-499 301752 924009 112CHCTU I 30 250 190 250 5-16-2001 448


JD-523 301550 924514 112CHCTU I 25 311 229.58 311 4-24-2000 466


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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Depth 
to top 
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25 degrees 
Celsius)
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-- --


-- --


-- --


604 68


596 66


456 50


453 49


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Jefferson Davis Parish—Continued


JD-650 301350 924411 112CHCTU I 22 263 183 263 4-24-2000 437


JD-727 300552 924559 112CHCTU I 15 327.5 247.04 327.5 5-02-2001 530


5-24-2001 526


JD-751 300547 924426 112CHCTU I 10 193 133 193 5-03-2001 606


6-07-2002 578


JD-772 301354 924455 112CHCTU I 27 340 259 340 5-16-2001 465


6-07-2002 449


JD-817 301352 925614 112CHCTU I 20 296 227 296 5-24-2000 779


6-26-2000 982


2-20-2001 959


4-16-2001 982


JD-860 301242 925920 112CHCTU I 26 275 215 275 4-27-2000 1,290


5-16-2000 1,290


4-02-2001 1,050


4-24-2001 1,060


5-22-2001 1,090


6-20-2001 1,070


8-30-2001 1,060


2-15-2002 1,090


3-18-2002 1,170


6-01-2002 1,070


4-08-2003 1,060


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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1,100 160


-- --


-- --


-- --


-- --


536 57


-- --


-- --


-- --


-- --


-- --


-- --


-- --


611 68


-- --


-- --


-- --


-- --


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


and; 112CHCTU, upper sand; 112CHCTS, 
pply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Jefferson Davis Parish—Continued


4-29-2003 1,120


JD-867 301126 924801 112CHCTU I 16 202 142 202 6-06-2000 451


7-13-2000 422


JD-871 300604 924850 112CHCTU I 9 200 140 200 5-18-2000 540


6-09-2000 542


5-03-2001 538


JD-UR002 300616 924631 -- I 20 -- -- -- 5-18-2000 632


JD-UR002 300616 924631 -- I 20 -- 5-24-2000 631


6-13-2000 618


7-18-2000 616


7-31-2000 616


8-15-2000 620


4-11-2001 604


5-03-2001 610


JD-UR006 301203 925715 -- I 16 -- -- -- 9-12-2000 1,030


10-19-2001 1,030


9-15-2002 1,080


JD-UR008 301701 925903 -- I 33 -- -- -- 2-22-2001 1,140


4-08-2001 1,120


JD-UR009 301724 930111 -- I 26 -- -- -- 4-21-2000 959


5-30-2000 969


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive s
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public su
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25 degrees 
Celsius)
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-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


945 180


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Jefferson Davis Parish—Continued


JD-UR011 301000 924807 -- I 13 -- -- -- 6-06-2000 456


JD-UR012 301222 924747 -- I 16 -- -- -- 6-06-2000 398


7-17-2000 391


JD-UR013 301159 924630 -- I 20 -- -- -- 6-06-2000 456


7-07-2000 447


JD-UR014 301852 925724 -- I -- -- -- -- 4-06-2001 514


4-15-2001 571


4-27-2001 516


JD-UR014 301852 925724 -- I -- -- 5-11-2001 516


5-26-2001 622


4-29-2002 653


5-11-2002 663


5-15-2002 626


6-17-2002 565


8-11-2002 589


JD-UR015 301700 925903 -- I 33 -- -- -- 5-14-2000 1,310


5-30-2000 1,300


JD-UR017 300409 925222 -- I 7 -- -- -- 5-02-2001 536


5-24-2001 550


JD-UR018 301725 930111 -- I 26 -- -- -- 5-19-2000 969


5-03-2001 957


JD-UR019 301747 930020 -- I 33 -- -- -- 5-19-2000 918


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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797 150


-- --


-- --


-- --


-- --


-- --


-- --


-- --


327 6.8


289 7.8


309 7.1


326 7.3


301 7.8


299 8.4


497 23


541 16


1,200 100


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Jefferson Davis Parish—Continued


5-03-2001 812


JD-UR020 301708 930048 -- I 33 -- -- -- 5-19-2000 828


JD-UR022 301836 925648 -- I -- -- -- -- 5-14-2001 435


5-26-2001 447


8-11-2002 472


4-29-2002 480


5-11-2002 481


5-25-2002 465


Lafayette Parish


Lf-524 300605 915935 112CHCTU P 25 174 141 174 3-15-2000 325


9-14-2000 295


3-08-2001 282


9-14-2001 320


4-09-2002 310


9-10-2002 307


St. Landry Parish


SL-142 302732 921029 112CHCT I 50 235 -- -- 5-03-2002 --


SL-331 303200 921005 112CHCT I 62 -- -- -- 4-03-2002 --


SL-345 304911 920637 112ACFL I 40 158 90 157.5 4-30-2003 1,220


SL-459 303151 922145 112CHCT I 51 249 179 249 4-07-2001 609


4-17-2001 606


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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25 degrees 
Celsius)







52 
 


W
ithdraw


als, W
ater Levels, and Specific Conductance in the Chicot A


quifer System


-- --


590 42


-- --


-- --


-- --


-- --


-- --


1,110 95


-- --


-- --


597 18


-- --


-- --


-- --


-- --


-- --


-- --


-- --


-- --


526 15


1,130 110


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

St. Landry Parish—Continued


4-23-2001 599


6-07-2002 613


SL-564 304845 921149 112ACFL I 43 199 123 199 5-04-2001 806


SL-673 304832 921142 112ACFL I 48 187 123 186 5-04-2001 773


SL-714 304827 921011 112CHCT I 45 178 126 176 2-24-2001 1,100


5-30-2001 1,070


7-30-2001 1,080


4-30-2003 1,110


SL-UR001 304920 921210 -- I 46 -- -- -- 4-20-2001 791


11-09-2001 514


SL-UR001 304920 921210 -- I 46 -- 2-01-2002 --


SL-UR004 304416 920343 -- I 40 -- -- -- 1-22-2001 1,800


2-26-2001 1,710


4-05-2001 1,810


5-04-2001 1,810


7-27-2001 1,800


SL-UR005 304555 915248 -- I 39 -- -- -- 4-26-2001 657


SL-UR006 304807 915239 -- I 39 -- -- -- 4-26-2001 910


5-31-2001 821


SL-UR007 303459 920852 -- I 66 -- -- -- 5-03-2002 --


St. Martin Parish


SMn-109 301304 914240 112CHCTU O 11.34 375 370 375 3-16-2000 1,200


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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1,150 120


1,150 110


1,150 120


1,150 120


1,150 120


1,150 120


1,120 180


1,130 190


1,120 180


1,120 190


1,120 190


1,130 180


-- --


277 4.2


-- --


-- --


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

St. Martin Parish—Continued


9-14-2000 1,190


3-08-2001 1,180


9-13-2001 1,170


3-27-2002 1,190


9-09-2002 1,190


3-25-2003 1,200


St. Mary Parish


SM-57U 294749 914023 112CHCTU O 8.72 638 628 638 3-16-2000 1,140


9-15-2000 1,170


3-08-2001 1,150


SM-57U 294749 914023 112CHCTU O 8.72 638 9-13-2001 1,140


3-28-2002 1,160


9-10-2002 1,170


3-25-2003 1,180


Vermilion Parish


Ve-170 300121 920057 112CHCTS H -- 70 50 70 8-03-2000 300


Ve-312 300236 923910 112CHCTU I 6 205 155 205 5-17-2001 703


6-18-2001 709


Ve-384 300257 924011 112CHCTU I 6 348 -- -- 5-17-2001 630


6-18-2001 645


Ve-425 295927 922755 112CHCTU I -- -- -- -- 6-05-2000 831


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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screen 
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25 degrees 
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-- --


-- --


-- --


-- --


-- --


-- --


-- --


745 54


-- --


595 30


2,650 680


2,700 690


2,680 700


2,710 690


2,740 720


2,750 700


2,770 730


1,500 280


1,510 300


1,500 290


1,500 300


1,540 300


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Vermilion Parish—Continued


Ve-426 300000 922722 112CHCTU I -- 354 -- -- 6-12-2000 912


6-13-2000 918


6-15-2000 920


8-28-2000 887


8-29-2000 900


5-30-2001 878


5-31-2001 877


Ve-432 295835 922549 112CHCTU I -- 350 -- -- 4-26-2002 821


Ve-460 921655 295645 112CHCTU I 9.78 300 -- -- 5-05-2000 1,300


Ve-586 300240 920832 112CHCT I 15.4 259 195 259 4-24-2002 618


Ve-637L 295345 921007 112CHCTU O 4.06 243 233 243 3-16-2000 2,790


Ve-637L 295345 921007 112CHCTU O 4.06 243 9-11-2000 2,750


3-08-2001 2,750


9-14-2001 2,760


3-28-2002 2,800


9-10-2002 2,860


3-26-2003 2,890


Ve-639 293845 922649 112CHCTU O 5.84 608 603 608 3-13-2000 1,550


9-11-2000 1,550


3-07-2001 1,510


9-14-2001 1,520


3-28-2002 1,540


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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(NAD 27) Aquifer code


Primary
use of 
well


Altitude of 
land surface 
(feet relative
to NGVD 29)


Depth 
of well 
(feet)
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1,500 300


1,500 300


945 110


749 69


688 37


721 42


548 18


-- --


-- --


-- --


802 46


-- --


-- --


-- --


-- --


875 66


-- --


-- --


-- --


-- --


-- --


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  


nd; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Vermilion Parish—Continued


9-10-2002 1,550


3-26-2003 1,560


Ve-725 300315 921909 112CHCTU I 14 300 -- -- 4-24-2002 1,010


Ve-733 300537 921801 112CHCTU I 15 297 190.67 297.33 4-24-2002 --


Ve-1081 295947 922310 112CHCTU I 10 190 160 190 4-26-2002 726


Ve-1123 300351 923108 112CHCTU I 10 175 -- -- 5-16-2001 --


Ve-1152 300501 921534 112CHCTU I 10 235 195 235 4-24-2002 --


Ve-UR001 295951 922913 -- I 6 -- -- -- 6-13-2000 589


8-18-2000 601


9-19-2000 593


5-10-2001 823


Ve-UR002 300039 923232 -- H -- -- -- -- 5-09-2000 883


6-06-2000 882


4-01-2001 856


5-02-2001 881


5-10-2001 894


5-29-2001 862


7-02-2001 887


Ve-UR003 300129 921243 -- I 23 -- -- -- 6-03-2000 794


6-17-2000 772


7-03-2000 755


concentrations, 2000-03.—Continued


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive sa
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup
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-- --


584 27


872 99


932 180


Table 3.  Selected data for wells in the Chicot aquifer system or the Atchafalaya aquifer in southwestern Louisiana, including specific conductance values and chloride  
concentrations, 2000-03.—Continued


d; 112CHCTU, upper sand; 112CHCTS, 
ply.  --, no data]


Laboratory specific 
conductance 


(microsiemens per 
centimeter at 25 
degrees Celsius)


Chloride 
concentration 


(milligrams 
per liter)

Vermilion Parish—Continued


7-15-2000 752


8-15-2000 717


Ve-UR004 300246 921344 -- I 26 -- -- -- 6-07-2000 681


6-20-2000 687


7-07-2000 669


8-14-2000 666


Ve-UR005 295705 921601 -- I 13 -- -- -- 6-14-2000 865


6-28-2000 838


7-15-2000 842


7-28-2000 833


8-14-2000 835


Ve-UR007 300239 924019 -- I 6 -- -- -- 5-17-2001 654


Ve-UR007 300239 924019 -- I 6 -- 6-18-2001 660


Ve-UR010 300524 920734 -- I 26 -- -- -- 5-10-2001 595


Ve-UR011 300233 922650 -- I 10 -- -- -- 4-26-2002 957


Ve-UR012 295644 921026 -- I 16 -- -- -- 5-08-2002 --


[NAD 27, North American Datum of 1927; NGVD 29, National Geodetic Vertical Datum of 1929; aquifer code:  112ACFL, Atchafalaya aquifer; 112CHCT, massive san
shallow sand; 11202LC, "200-foot" sand; and 11205LC, "500-foot" sand.  Primary use of well:  H, domestic; I, irrigation; N, industry; O, observation; and P, public sup


Well 
number


Latitude 
(NAD 27)


Longitude 
(NAD 27) Aquifer code


Primary
use of 
well


Altitude of 
land surface 
(feet relative
to NGVD 29)


Depth 
of well 
(feet)


Depth 
to top 


of 
screen 
(feet)


Depth to 
bottom 


of 
screen 
(feet)


Date
sampled


Field specific 
conductance 


(microsiemens 
per centimeter at 


25 degrees 
Celsius)
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THICKNESS OF THE CHICOT AQUIFER SYSTEM 
SURFICIAL CONFINING UNIT AND LOCATION OF 
SHALLOW SANDS, SOUTHWESTERN LOUISIANA


By B. Pierre Sargent 


ABSTRACT


 The Chicot aquifer system underlies an area of approximately 9,000 square miles in southwestern 
Louisiana and is the principal source of fresh ground water in the region.  The dense surficial clays that 
confine the upper sands of the Chicot aquifer system in southwestern Louisiana are known as the Chicot 
aquifer system surficial confining unit.  Although the confining unit may be relatively uniform in 
composition across large areas, interbedded sands that vary in areal extent and thickness are present 
within the confining unit.  These interbedded sands are collectively known as the shallow sands of the 
Chicot aquifer system.  The shallow sands occur irregularly throughout the confining unit and may be 
hydraulically connected to underlying aquifers.  The shallow sands provide sufficient water for small-
diameter wells that supply water for domestic, irrigation, or petroleum rig-supply purposes.  


Drillers’ logs and geophysical logs were used to define the thickness of the confining unit.  The 
thickness of the surficial confining unit generally increases from north to south.  In southern Vernon and 
Rapides Parishes, where the Chicot aquifer system crops out, the confining unit typically is less than 40 feet 
thick.  The thickness of the confining unit generally increases southward, and generally ranges in thickness 
from 160 to 400 feet in coastal parishes with a maximum thickness of about 520 feet in Vermilion and 
St. Mary Parishes.


   The locations of wells screened within the surficial confining unit and drillers’ or geophysical logs 
showing shallow sands greater than 10 feet thick are mapped for 12 of the 15 parishes in the study area.  
The percentage of shallow-sand thickness in the confining unit is indicated for each log.  Well-screen depths 
of 1,579 shallow wells used for domestic, irrigation, or petroleum rig-supply purposes were assumed to 
indicate the presence of productive shallow sands within the confining unit; however, only about 19 percent 
of the 2,098 logs analyzed indicate that shallow sands are present.  The logs also indicate that the percentage 
of shallow-sand thickness in the confining unit can vary greatly across very short distances.  
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INTRODUCTION


Southwestern Louisiana is situated within the Gulf Coastal Plain Physiographic Province.  The area 
is underlain by thick multilayered sequences of unconsolidated sedimentary deposits that alternate among 
gravel, sand, silt, and clay and that have a predominant dip to the south (U.S.  Geological Survey, 1985, 
p. 229).  Areally extensive zones of gravel and sand deposits, which form productive aquifer units, and the 
adjoining silt and clay deposits, which form confining units, are designated as the Chicot aquifer system 
(Nyman, 1984, p.  4).  The Chicot aquifer system underlies an area of approximately 9,000 mi2 in 
southwestern Louisiana (fig. 1) and is the principal source of fresh ground-water in the region (Lovelace, 
1999, p. 2).  In 2000, almost half of all ground-water withdrawals in Louisiana were from the Chicot aquifer 
system, and of this amount, more than half of the withdrawals were for rice irrigation (Sargent, 2002, p. 1).  
Dense surficial clays that overlie and confine the upper sands of the Chicot aquifer system makes the region 
ideal for rice farming by preventing major water losses through downward seepage (Lovelace, 1999, p. 2).  
These clays, and thin units of coarser material within the clays are known as the Chicot aquifer system 
surficial confining unit and will hereinafter be referred to as the confining unit.  


The confining unit is composed of both Holocene- and Pleistocene-age sediments and was once 
thought of as an impermeable barrier to movement of contaminants from the surface to the underlying 
aquifers (Stanley and Maher, 1944, p. 13; Meyer, 1953, p. 2) (fig. 2).  The impermeable barrier assumption 
has been reconsidered in recent years because of various incidents of subsurface contamination (Trudeau, 
1994, p. 2).  Hanor (1993) showed that the effective vertical hydraulic conductivity of surficial clay at a 
hazardous waste disposal site in southeastern Louisiana was as much as four orders of magnitude higher than 
reported laboratory measurements of clay core samples taken from the site.  Hanor attributed the difference 
to the presence of minor sand beds and to secondary porosity and fracturing that occurred during deposition 
and sub-aerial weathering of the clay beds.  Assuming that confining unit clays in southwestern Louisiana 
are similar to confining unit clays in southeastern Louisiana, the results of Hanor’s research has implications 
for clays in the study area.  Nyman and others (1990) simulated flow in the Chicot aquifer system and 
determined that, under 1981 conditions, vertical recharge from the land surface was now occurring 
throughout most of southwestern Louisiana.


 Although the thickness of the confining unit may be relatively uniform across large areas, 
interbedded sands of varied areal extent and thickness are present within the confining unit.  These sands 
are collectively known as the shallow sands of the Chicot aquifer system.  The shallow sands occur 
irregularly throughout the confining unit and may be hydraulically connected to underlying aquifers.  
According to State well-registration records, more than 3,000 shallow, small-diameter wells that supply 
water for domestic, irrigation, or petroleum rig-supply purposes are screened in the shallow sands (Zahir 
“Bo” Bolourchi, Louisiana Department of Transportation and Development, written commun., 2002).


Little information is available on the thickness of the clay confining unit and the presence of sands 
within the confining unit; this information could be valuable for making land-use decisions and protecting 
shallow sources of ground water, as well as the deeper aquifers, from downward-moving contaminants.  In 
1996, the U.S.  Geological Survey (USGS), in cooperation with the Louisiana Department of Transportation 
and Development (DOTD), began a study to document the thickness and extent of the confining unit and 
locations of shallow sands within the confining unit.  
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Purpose and Scope


This report documents the thickness of the Chicot aquifer system surficial confining unit and the 
location of shallow sands within the confining unit.  A map is presented that shows the areal pattern of 
confining unit thickness for all of Acadia, Allen, Beauregard, Calcasieu, Cameron, Jefferson Davis,  
Lafayette, and Vermilion Parishes and parts of Evangline, Iberia, Rapides, St. Landry, St. Martin, St. Mary, 
and Vernon Parishes, which are located along the confining unit boundaries.  Mapping of small local 
variations at the base of the confining unit, such as incised-stream channels was beyond the scope of this 
report.


The location of 2,098 drillers’ or geophysical logs, and the percentage of shallow sands within the 
confining unit (determined from the logs) are shown on maps.  The location and depth to the base of well 
screens of 1,579 domestic, irrigation, or petroleum rig-supply wells that are screened in the shallow sands 
also are shown.  Wells for which log data are available and wells screened in shallow sands often are 
clustered along roads and in populated areas.  Other areas which consist of marsh land or extensive 
agricultural land far from roads, may have limited amounts of available subsurface information.  The 
quantity and quality of data were insufficient to map the areal extent of individual shallow sand units.


This report provides a basis for collection of more detailed information about the transmissivity of 
the confining unit and the nature of the interconnection and relation between the confining unit and the 
deeper hydrogeologic units of the aquifer.  Knowledge about the confining unit gained as a result of this 
study may contribute to the understanding of hydrogeologic conditions of surficial confining units in similar 
coastal settings.


Louisiana Department of Transportation and Development-U.S. Geological Survey Water Resources Cooperative Program


System Series


Hydrogeologic Unit


Southwestern Louisiana


Aquifer 
system 


Aquifer or confining unit


Lake Charles Area East of Lake Charles


Quaternary


Holocene 
(Recent)


Chicot aquifer 
system


Shallow sand or surficial 
confining unit


Atchafalaya aquifer, shallow 
sand, or surficial confining unit


Pleistocene


"200-foot" sand Upper sand


"500-foot" sand  
Lower sand 


"700-foot" sand


Tertiary
Pliocene


Miocene


 


Evangeline aquifer


Figure 2.  Partial listing of hydrogeologic units in southwestern Louisiana (modified from Lovelace and 
Lovelace, 1995).
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Description of Study Area


The study area consists of the approximate extent of freshwater in the Chicot aquifer system in 
southwestern Louisiana (fig. 1).  Along the Gulf of Mexico well log information was available that covered  
Cameron and Vermilion Parishes, so the study area was expanded beyond the areal extent of freshwater in 
the Chicot aquifer system.  Marsh Island, an area in southern Iberia Parish that is mostly marshland bounded 
by West Côte Blanche Bay to the north and the Gulf of Mexico to the south, was not included in the study 
area, and no well log information was available.  The study area is bounded by the Gulf of Mexico to the 
south, the Louisiana-Texas State line to the west, and alluvial sediments of the Atchafalaya River to the east.  
The Chicot aquifer system is cut into or overlain by alluvial sediments of the Atchafalaya River and the exact 
boundary between the sediments is indistinct.  The eastern boundary of the study area, which was based on 
the presence of available well log information, includes most of Evangeline Parish and parts of Iberia, 
St. Landry, and St. Martin Parishes.  The northern boundary of the study area is located in southern Vernon 
and Rapides Parishes, where the aquifer system and confining units pinch out near the surface.  The 
existence of well logs also defined the northern boundary of the study area.  


Previous Investigations


Previous studies have focused on the ground-water resources of southwestern Louisiana and the 
occurrence of freshwater in the Chicot aquifer system.  Jones and others (1956) mapped the depth to the top 
of first major sands of the Chicot aquifer system using drillers’ logs from water wells and electric logs from 
petroleum-test holes.  The authors also presented detailed textural and lithologic descriptions of the 
confining unit based on formation samples collected from water-well test holes being drilled by 
municipalities and private interests during the course of the study.


            Jones and others (1956) described two areas where the depth to a major sand is less than 50 ft thick.  
One area is in southern Vernon and Rapides Parishes, where the Chicot aquifer system crops out, and the 
other follows the course of the Vermilion River through Lafayette, St. Martin, and Vermilion Parishes.  The 
greatest depth to a major sand described by Jones and others (1956) was more than 700 ft in Cameron Parish.  
Generally, a uniform depth of about 100 ft to a major sand was indicated throughout most of Evangeline, 
Jefferson Davis, and Acadia Parishes, western St. Landry Parish, and western Vermilion Parish (Jones and 
others, 1956, p. 139).  Confining unit sediments were primarily attributed to Pleistocene-age back-swamp 
deposits of the Mississippi and Red Rivers (Jones and others, 1956, p. 82), but also may have included 
younger overburden sediments near the ground surface.


 Harder (1960) mapped the top of the Chicot aquifer in Calcasieu Parish and noted that shallow wells 
in deposits of Holocene age supply small quantities of water.  He stated that, “the exact thickness and areal 
extent of the sand phase of the Holocene deposits has not been determined; consequently, it is difficult to 
estimate the hydraulic characteristics and potential yield of these deposits.” He also noted that locally there 
are shallow sands of Pleistocene age, which provide small quantities of water for domestic and stock 
purposes.  Drillers’ logs, electrical logs, and aquifer tests were the principal bases for determining the top 
of the Chicot aquifer.


Whitman and Kilburn (1963) examined ground-water conditions in southwestern Louisiana and 
discussed the Chicot aquifer along the Gulf of Mexico.  Well log information from their report was used in 
the study described in this report.  Harder and others (1967) examined the effects of ground-water 
withdrawals on water levels and saltwater encroachment in southwestern Louisiana and also provided well 
log information that was used in this study.
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Nyman (1984) mapped the top of the major sands of the Chicot aquifer system, although the focus of 
the report was the occurrence of high-chloride water in the Chicot aquifer system.  Geophysical and driller’s 
logs were used to create the maps.  Geohydrologic sections across different parts of the study area also are 
presented in the Nyman report.  


Williams and Duex (1995) presented a map of the top of the upper sand of the Chicot aquifer system 
in Lafayette Parish and two geologic sections through the parish.  Well Lf-488, documented previously by 
Jones and others (1954), was used as a representative correlation log; and information from the logs of 
approximately 40 petroleum-wells, 40 municipal water-wells, and several private wells were integrated with 
sand-analysis reports to produce detailed top-of-sand maps for shallow sand units in Lafayette Parish.


Quaternary Deposition


The geomorphic processes of lateral planation and vertical incision by meandering and braided 
streams, and eustatic changes in sea level over the last 2 million years produced the deposits that make up 
the Chicot aquifer system (Kniffen and Hilliard, 1988, p. 35).  By reviewing the pattern of Quaternary-age 
deposition in the study area, a foundation is provided to conceptualize the surface of the base of the 
confining unit.


Over the last 2 million years, continental ice sheets advanced and retreated at least five times.  The 
melting of the ice sheets, which were north of present day Louisiana, produced glacial streams, which 
carried an abundance of mineral material through Louisiana on their way to the sea.  During each ice 
advance, the sea level declined and streams began to incise channels until the ice retreated and a 
corresponding rise in sea level occurred.  As the shoreline moved inland the incised channels filled with 
sediment and the pre-existing surface sediments were reworked.  The glacial streams deposited more 
sediment than they removed, so terraces of fine-grained material were formed over time (Kniffen and 
Hilliard, 1988, p. 41).


Saucier and Snead (1989) delineated three terrace-like Pleistocene-age sedimentary units near the 
surface: the Upland, Intermediate, and Prairie Complexes.  At land surface, these units have an east-to-west 
orientation, paralleling the Gulf of Mexico coastline.  The Upland Complex is the northernmost band in the 
study area and consists of fluvial deposits from both glacial and non-glacial sources as well as higher fluvial 
terraces.  South of the Upland Complex, the Intermediate Complex is composed of fluvial deposits of the 
Mississippi River, its tributaries, and coastal plain streams, and includes terrace deposits.  The Prairie 
Complex is nearest to the Gulf of Mexico and includes the results of a diverse depositional sequence of the 
Mississippi River, its tributaries, and coastal plain streams.  Saucier (1994) listed the major depositional 
environments for the Prairie Complex as meander belt, Red River deltaic, nearshore marine, and 
undifferentiated coastal plain.  The net result of Quaternary-age deposition in southwestern Louisiana is a 
great variation in sediment size and distribution throughout the area.  As a result, the surface representing 
the base of the confining unit is assumed to be a composite of multiple discontinuities with depressions and 
ridges, rather than a flat, continuous sheet.  Regionally, however, the slope of this surface generally is to 
the south, following the orientation of the underlying aquifer units and the overlying land surface.  
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METHODS OF INVESTIGATION


Two sets of data were used in this study.  One set included data from geophysical or drillers’ logs from 
selected water wells or test holes.  Logs that completely penetrated the confining unit were used to map the 
thickness of the confining unit and provide information on shallow sands within the confining unit.  Data 
from the 2,098 well logs compiled for this study are presented in a data report by Sargent and others (in 
press).  Well log descriptions, the thickness of the confining unit, and depths to the top and bottom of 
shallow sands are presented by parish and well identifier in a tabular format.  The data report also includes 
a detailed description of the method used to categorize and compile the log data for this report.  


The second set of data included the depth to the base of the screened interval of 1,579 wells, 
hereinafter referred to as shallow wells, which were screened in the shallow sands and used for domestic, 
irrigation, or petroleum rig-supply purposes.  These data were mapped to indicate the presence of shallow 
sands.  Because shallow wells did not completely penetrate the confining unit or shallow sands within the 
confining unit, drillers’ logs from these wells were not used in this report for mapping the thickness of the 
confining unit or depths to the top and bottom of shallow sands.  Methods used for data compilation, data 
analysis, and map generation are described in the following sections.


Data Compilation


Drillers’ logs and/or geophysical logs with corresponding location information for the well or test 
hole were compiled into a data set and used to define the depth to the base of the confining unit and identify 
shallow sands within the unit in southwestern Louisiana.  The locations of wells and test holes were obtained 
as latitude and longitude values from well registration forms.  Drillers’ logs were available for over 10,000 
water wells in the study area.  However, the quality and completeness of these logs vary greatly.  Drillers 
collecting lithologic data are mainly concerned with the location of major aquifer units that are capable of 
supplying long-term yields to wells.  When drilling through a thick confining unit, drillers may fail to note 
lithologic information such as thin sand beds.  Therefore, the quality and completeness of each drillers’ log 
was evaluated before it was included in the data set.  Drillers’ logs that typically used non-geologic terms, 
such as gumbo or muck, and had lithologic intervals rounded to 100 ft intervals were unacceptable and not 
used.  Drillers’ logs that included lithologic descriptions, such as particle size--sand, silt, and clay, with 
relatively detailed resolution, that is,  lithologic intervals rounded to 10 ft intervals or less, were included in 
the data set.  


For water wells for which both a drillers’ and geophysical log were available, the driller’s and 
geophysical logs were compared to verify thickness values.  In some instances, the geophysical log did not 
start at the ground surface, and information from both logs was combined to create a composite log.  For 
each location, only one value was designated as the confining unit thickness for that point.


Information from two additional sources also was utilized so that the log data from water-well or 
test-hole registration forms would not be the sole determinant of confining unit thickness throughout the 
study area.  Geophysical logs from petroleum wells were used in some areas where logs from water wells 
were sparse or unavailable.  Because the first 200 ft below the land surface typically is not logged for 
petroleum wells, only a small number of these could be used to delineate the thickness of the confining 
unit.  Both drillers’ and geophysical log data from published reports also were used.  Reports by Jones and 
others (1956), Harder (1960), Harder and others (1967), Nyman (1984), and Whitman and Kilburn (1963) 
provided 37, 29, 7, 63, and 4 data points, respectively.
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Additional information on the location of shallow sands was obtained from well-screen depths and 
locational data of 1,579 shallow wells used for domestic, irrigation, or petroleum rig-supply purposes.  
Screen depths were assumed to indicate the presence of productive shallow sands within the confining unit.  
This information was obtained from the DOTD well-registration data base.  In some instances, a drillers’ 
log may not record the presence of a shallow sand, but a well screened within the confining unit may indicate 
a shallow sand near that location.  The location and depth to bottom of screen of the shallow wells are 
displayed on maps that also display well logs with shallow sands within the confining unit for comparison 
purposes.  Sand thickness at shallow wells was not assumed equivalent to their screened intervals and was 
not determined for these wells.


Data Analysis and Map Generation


Depths to the base of the confining unit and shallow sands within the confining unit were determined 
for each log.  The base of the confining unit was identified as the top of first massive sand unit.  Massive 
sand units often were distinguishable not only by thickness, but by coarse basal sediments, which typify 
sands of the Chicot aquifer system.  The thickness of the confining unit was determined by measuring the 
approximate depth from the ground surface to the top of the massive sand unit.  In areas where a massive 
sand is present within the confining unit, but is directly on top of a Chicot aquifer unit, the thickness was 
determined from ground surface to the top of the first massive sand.  Some previous investigators designated 
the first sand unit, irregardless as to whether it is a massive sand, as within the confining unit and thus 
mapped a greater depth to the base of the confining unit.


For example, in Vermilion Parish, a shallow massive sand (formerly called the Abbeville unit) is 
present within the confining unit (Nyman, 1984, p. 21 and fig. 11).  The shallow sand ranges in thickness 
from 100 to 250 ft and directly overlies what is typically considered the first major aquifer unit of the Chicot 
aquifer system in this area, the “upper sand” (Nyman, 1984, p. 21 and fig. 11).  Because the clay layer 
separating this sand from the upper sand is thin or missing and this sand is in direct hydraulic 
communication with the upper sand, the top of this sand was used as the bottom of the clay-confining unit.


Well-log data were grouped by area and the confining unit thickness values were compared for 
consistency within the area.  For instances in which a well log showed an extreme thickness that conflicted 
with other logs in the same area, the outlier log was deleted from the data set.  Although outlier well-log 
data may be valid, the mapping of local variations in the base of the confining unit, such as those created by 
the filling of incised channels, was beyond the scope of this report.


The depths to the tops and bottoms of shallow sand units 10 ft or more in thickness were determined 
from well logs.  A shallow sand thickness of at least 10 ft was used to identify possible productive sand units 
within the confining unit.  For each log, the thickness of all shallow sands (10 ft or greater) were totaled and 
divided by the thickness of the confining unit on the log to determine the percent sand thickness within the 
confining unit.


All data were entered into a geographic information system (ArcInfo) to analyze the areal distribution 
of logs and generate maps of the confining unit thickness, the location of wells screened in shallow sands, 
and the percent sand thickness within the confining unit.  To generate the map of confining unit thickness, 
a statistically-based interpolation method, kriging, was used.  Kriging provides an exact interpolation at 
points where data are provided, is particularly applicable for making estimates where few data points exist, 
and provides error estimates (Dunlap and Spinazola, 1984, p. 5).  The spatial pattern of wells in the study 
area is such that wells are clustered in some areas, but absent in others.  Drilling of new wells was beyond 
the scope of this study; therefore, kriging was an appropriate interpolation tool for estimating the confining 
unit thickness in areas were data were sparse or absent.
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The thickness of the confining unit was then contoured using a 40-ft contour interval in most areas.  
In some coastal areas where data were sparse and the confining unit thickens rapidly, an 80-ft contour 
interval was used.  The accuracy of the confining unit thickness contours is a function of the quality and 
density of the data and the power of the interpolation technique (Burrough and McDonnell, 1998).  The 
estimated error at any point on the thickness map is plus or minus 24 ft.


The locations of wells screened in shallow sands and logs showing the percent sand thickness within 
the confining unit of individual parishes also were mapped.  For mapping purposes, the depth to the base of 
the well screen was used to indicate the depth of a sand.  The base-of-screen depths were grouped in 
intervals of less than 50 ft, 50 to 100 ft, 100 to 200 ft, and greater than 200 ft.  Wells screened in shallow 
sands often were clustered in population centers.  Many of the clustered wells were screened at a similar 
depth, indicating the presence of a productive sand.  In some areas, wells were screened at many different 
depths, indicating the presence of multiple shallow sands in the area.


The percentage thickness of shallow sands within the confining unit was computed from well logs 
with a sand interval greater than 10 ft.  Where present, percentages were grouped in intervals of 1 to 20, 20 
to 40, 40 to 60, 60 to 80, and 80 to 100 percent.  Only about 19 percent of the logs indicated shallow sands 
were present, and the percent sand thickness varied greatly across very short distances.  Wells with drillers’ 
log data showing as much as 60 percent sand and shallow wells screened in shallow sands, were often 
surrounded by wells with drillers’ logs that did not encounter sand.  These variations may be indicative of 
the intermittent nature of the shallow sands, but may also illustrate differences in drillers’ interpretations 
that were recorded on logs.


Because of poor areal distribution of well data, the varied quality of the log data, and the intermittent 
nature of the shallow sands, the areal extents of individual shallow sands could not be mapped.  Similarly, 
the presence or absence of shallow sands could not be inferred for areas where well or log data are sparse 
or absent.


THICKNESS OF THE CHICOT AQUIFER SYSTEM SURFICIAL CONFINING UNIT


In the study area, the thickness of the Chicot aquifer system surficial confining unit ranges from less 
than 40 ft along the northern boundary to 520 ft in the southeastern part of the study area, along the Gulf of 
Mexico (fig. 3).  In general, the confining unit thickens southward as its base dips toward the Gulf, 
conforming to the orientation and dip of the underlying aquifers (Walters, 1996, sheet 1).  An exception to 
the southward thickening occurs in parts of Vermilion and Lafayette Parishes, along the approximate route 
of the Vermilion River (fig. 1), where the confining unit thins to between 40 and 80 ft thick (fig. 3).  This 
may be evidence of an ancestral Mississippi River floodplain or delta (Kniffen and Hilliard, 1988, map 14).  
A few miles southeast of this area, the confining unit thickens rapidly to its greatest thickness around the 
southern part of Vermilion Bay and at points along the coast of East and West Côte Blanche Bays (fig. 3).


LOCATION OF SHALLOW SANDS WITHIN THE SURFICIAL CONFINING UNIT 


The presence of shallow sands was documented in 12 of the 15 parishes in the study area.  In the 
remaining three parishes, Vernon, Rapides, and St. Martin Parishes, well-log data indicated no sand 
intervals greater than 10 ft thick.  Table 1 lists descriptive statistics by parish from rural-domestic water-
supply wells screened in the shallow sands, including the total number of wells, range of depths to base of 
well screen, and mean depths to base of well screen.  Table 1 also lists descriptive statistics by parish from 
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Figure 3.  Thickness of the Chicot aquifer system surficial confining unit, southwestern Louisiana.
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well logs including total number of well logs, percentage of logs with shallow sands (sand intervals 10 ft or 
greater), the range and mean depths to the base of shallow sand intervals, the range and mean of shallow 
sand interval thickness, and the range and mean of percent shallow sand thickness of the confining unit.


A generalized east-to-west hydrogeologic section of the Chicot aquifer system surficial confining unit 
in northern Acadia Parish shows the location of shallow sands and wells screened within the confining unit 
(fig. 4).  If the section is typical of the confining unit, sand and screen data indicate sands generally are not 
areally extensive, and may occur at various depths.  Also, sand units 10 ft or greater in thickness generally 
constitute a small part of the confining unit.  The well logs indicating no sands may be due to the actual 
absence of sand or the variability of drillers’ interpretations of the confining unit sediments.  Figures 5 
through 16 show locations of well logs and wells screened in shallow sands, and the percent sand thickness 
within the confining unit in each of the 12 parishes.  


Table 1.  Descriptive statistics of the depth of wells screened in the Chicot aquifer system surficial confining unit and well 
logs in southwestern Louisiana


Parish
Total 


number
     Range        Mean
     (feet)          (feet)


Total 
number 
of logs


Logs with 
shallow 
sands1


(percent)


Depth to base of 
shallow sands


   Range        Mean
    (feet)          (feet)


Thickness of 
shallow sands


   Range      Mean
     (feet)       (feet)


Percentage of 
shallow sands2


   Range       Mean
     (feet)        (feet)


Acadia 80 16-103 39 344 9 13-130 67 10-55 23 6-62 21


Allen 6 17-40 27 101 7 15-50 34 10-46 19 15-73 35


Beauregard 63 14-46 34 61 13 26-90 50 10-37 21 8-61 32


Calcasieu 786 4-250 63 242 42 18-247 96 10-110 35 4-71 18


Cameron 101 7-325 127 97 24 24-272 165 15-107 49 5-71 25


Evangeline 42 18-75 35 140 23 15-143 96 10-92 30 7-67 25


Iberia 59 13-270 86 93 19 35-344 116 10-60 19 3-23 12


Jefferson Davis 69 11-210 66 250 13 18-129 80 10-90 34 3-81 34


Lafayette 73 5-116 36 148 14 30-132 71 10-95 23 11-68 26


St. Landry 45 12-110 27 204 18 18-144 85 10-107 39 7-82 36


St. Mary 11 10-326 183 32 19 140-259 170 17-82 38 6-41 18


Vermilion 244 12-350 98 225 27 22-280 99 10-120 37 8-82 32


1 Percentage of logs with sand intervals of 10 ft or greater.
2 Percentage of confining unit composed of sand.


              
Wells screened in surficial
           confining unit


Depth to base of
        screen


Well logs (drillers’ and geophysical)
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Figure 4.  Generalized east-to-west hydrogeologic section in northern Acadia Parish, Louisiana.
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In Acadia Parish, wells screened in shallow sands are mostly located in the northern half of the parish and 
are screened at depths less than 50 ft (fig. 5).  Well screen depths range from 16 to 103 ft, with a mean depth of 
39 ft (table 1).  Five of the 80 wells had screen depths than ranged from 90 to 103 ft; the other 75 wells had 
screen depths that ranged from 16 to 40 ft.  Approximately 9 percent of the 344 selected well logs, which were 
distributed throughout the parish, showed shallow sands.  Well logs showing shallow sands also were mostly in 
the northern half of the parish.


 In Allen Parish, six wells screened in shallow sands are clustered in the Oakdale area.  Well screens for 
all the shallow wells are less than 50 ft deep (fig. 6).  Well screen depths range from 17  to 40 ft, with a mean 
depth of 27 ft (table 1).  Of 101 well logs distributed throughout the parish, only 7 percent had shallow sands.  
These well logs appear to be randomly distributed throughout the parish.


In Beauregard Parish, wells screened in shallow sands are clustered in the DeRidder area.  Well screens 
for all the shallow wells are less than 50 ft deep (fig. 7).  Well screen depths range from 14 to 46 ft, with a mean 
depth of 34 ft (table 1).  Well logs in Beauregard Parish have a dispersed areal distribution.  Only eight logs, 
mostly from wells located in the western half of the parish, indicate that shallow sands are present (fig. 7).  The 
scarcity of shallow wells and well logs with shallow sands may indicate that shallow sands have a limited 
presence in the confining unit in Beauregard Parish.


 In Calcasieu Parish, shallow wells screened in shallow sands are located throughout the parish.  Well 
screens for the shallow wells vary in depth from less than 50 ft to greater than 200 ft in depth (fig. 8).  Well 
screen depths range from 4 to 250 ft, with a mean depth of 63 ft (table 1).  Fifty-five percent of the wells 
screened in shallow sands are screened at depths less that 50 ft, but there also are many wells screened between 
50 and 200 ft (fig 8).  Well logs showing shallow sands in Calcasieu Parish follow the areal distribution of the 
shallow wells - grouped in a line along the western border, clustered in the east-central part of the parish and 
scattered elsewhere.  Of all of the parishes in the study area, Calcasieu Parish had the greatest percentage (42 
percent) of logs showing shallow sands.  


In Cameron Parish, shallow wells screened in shallow sands are located along the southern and northern 
border of the parish.  Well screens for the shallow wells vary in depth from less than 50 ft to greater than 200 ft 
in depth (fig. 9).  Well screen depth ranges from 7 to 325 ft with a mean depth of 127 ft (table 1).  Well logs 
showing shallow sands generally are located near shallow wells screened in shallow sands.  Few well logs and 
shallow wells are present in an east-to-west band through the middle of the parish, and it is not known whether 
shallow sands are present in this area.


In Evangeline Parish, wells screened in shallow sands are located in the southern half of the parish.  Well 
screens for the shallow wells vary in depth from less than 50 ft to 100 ft in depth (fig. 10).  Well screen depths 
range from 18 to 75 ft, with a mean depth of 35 ft (table 1).  Most of the well logs with shallow sands also are 
located in the southern part of the parish.  Few well logs and the absence of wells screened in shallow sands in 
the northern half of the parish indicate few shallow sands are present in that area.  


In Iberia Parish, wells screened in shallow sands mostly are located in the western half of the parish.  
Eastern Iberia Parish is swampy and relatively uninhabited, so there are few rural domestic water-supply wells 
or well logs.  Well screens for the shallow wells vary in depth from less than 50 ft to greater than 200 ft (fig. 11).  
Well screen depths range from 13 to 270 ft, with a mean depth of 86 ft.  Well logs showing shallow sands often 
were located near shallow wells. 


In Jefferson Davis Parish, wells screened in shallow sands are located along the southern, southwestern, 
and eastern borders of the parish and are absent from the south-central and northern parts of the parish.  Well 
screens for the shallow wells vary in depth from less than 50 ft to greater than 200 ft (fig. 12).  Well screen 
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Figure 5. Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in Acadia Parish, southwestern Louisiana.
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Figure 6.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in Allen Parish, southwestern Louisiana.
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Figure 7.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining  unit in Beauregard Parish, southwestern Louisiana.
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Figure 8.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in Calcasieu Parish, southwestern Louisiana.
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Figure 9.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in Cameron Parish, southwestern Louisiana.
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Figure 10.  Location of bottom of well screens and well logs with percentage of shallow sand within the  
Chicot aquifer system surficial confining unit in Evangeline Parish, southwestern Louisiana.
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Figure 11.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in Iberia Parish, southwestern Louisiana.
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Figure 12.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in Jefferson Davis Parish, southwestern Louisiana.
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depths range from 11 to 210 ft, with a mean depth of 66 ft (table 1).  Well logs showing shallow sands 
generally are located along the eastern and southern boundaries and in the northwestern corner of the parish.  
Shallow sands were notably absent on logs from the central and north-central parts of the parish.  


In Lafayette Parish, wells screened in shallow sands are at depths less than 50 ft in the eastern and 
central parts of the parish, but are mostly screened between 50 and 100 ft in the western part of the parish 
(fig. 13).  Two wells show a screen depth in the 100 to 200 ft range.  Well screen depths range from 5 to 
116 ft, with a mean depth of 36 ft (table 1).  Well logs were evenly distributed throughout the parish, but 
generally only showed shallow sands in the southeastern and western parts of the parish.


In St. Landry Parish, wells screened in shallow sands are generally located in the southwestern part 
of the parish.  Well screens for the shallow wells vary in depth from less than 50 ft to 200 ft (fig. 14).  Well 
screen depths range from 12 to 110 ft, with a mean depth of 27 ft (table 1).  Well logs are evenly distributed 
throughout the parish, but generally shallow sands only are evident in the western half of the parish.  The 
logs indicate that percentage of the confining unit composed of shallow sands is highest in St. Landry Parish 
and averages about 36 percent (table 1).


 In St. Mary Parish, wells screened in shallow sands are located in that part of the parish which is in 
the study area, the western half.  Well screens for the shallow wells vary in depth from less than 50 ft to 
greater than 200 ft (fig. 15).  Well screen depths range from less than 10 to 326 ft, with a mean depth of 
183 ft (table 1).  Little fresh ground water is available in the southern parts of St.  Mary Parish (Harder and 
others, 1967, pl. 5), so rural domestic water-supply and petroleum rig-supply wells are generally located in 
the western half of the parish.  Well logs that showed shallow sands generally are located in the northwestern 
part of the parish.


In Vermilion Parish, wells screened in shallow sands are mostly located in the eastern part of the 
parish.  Well screens for the shallow wells vary in depth from less than 50 ft to greater than 200 ft (fig. 16).  
Well screen depths range from 12 to 350 ft, with a mean depth of 98 ft (table 1).  Because much of western 
and southern Vermilion Parish is marshy and uninhabited, most wells and well logs are located in the 
northeastern part of the parish (fig. 16).  Many of the 61 logs indicate that shallow sands compose more than 
60 percent of the surficial confining unit in this area.  


SUMMARY AND CONCLUSIONS


Southwestern Louisiana is located within the Gulf Coastal Plain physiographic province.  The area is 
underlain by thick multilayered sequences of unconsolidated sedimentary deposits that alternate between 
gravel, sand, silt, and clay and have a predominant dip to the south.  The sand and gravel deposits form 
productive aquifer units and they, along with adjoining clay and silt deposits, are designated as the Chicot 
aquifer system.  The Chicot aquifer system underlies an area of approximately 9,000 square miles in 
southwestern Louisiana and is the principal source of fresh ground water in the region.  The dense surficial 
clays that confine the upper sands of the Chicot aquifer system are known as the Chicot aquifer system 
surficial confining unit.  


 Although the confining unit may be relatively uniform in composition across large areas, interbedded 
sands of varied areal extent and thickness are present within the confining unit.  These sands are collectively 
known as the shallow sands of the Chicot aquifer system.  The shallow sands occur irregularly throughout 
the confining unit and may provide sufficient water for small-diameter wells that supply water for domestic, 
irrigation, or petroleum rig-supply purposes.  
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Figure 13.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in Lafayette Parish, southwestern Louisiana.
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Figure 14.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in St. Landry Parish, southwestern Louisiana.
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Figure 15.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in St. Mary Parish, southwestern Louisiana.
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Figure 16.  Location of bottom of well screens and well logs with percentage of shallow sand within the 
Chicot aquifer system surficial confining unit in Vermilion Parish, southwestern Louisiana.
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Drillers’ logs, geophysical logs, and information from shallow wells were used to define the 
thickness of the confining unit and locate areas of shallow sands.  The thickness of the surficial confining 
unit generally increases from north to south.  In southern Vernon and Rapides Parishes, where the Chicot 
aquifer system crops out, the confining unit typically is less than 40 feet thick.  The thickness of the 
confining unit generally increases southward, and generally ranges in thickness from 160 to 400 feet in 
coastal parishes with a maximum thickness of about 520 feet in Vermilion and St. Mary Parishes.  Because 
the quality of the drillers’ logs varies, an analytical methodology was developed to identify the best drillers’ 
logs and integrate higher-quality information from other sources, such as published reports.  


 The presence of shallow sands was documented in 12 of the 15 parishes in the study area.  Well-
log data from Vernon, Rapides, and St.  Martin Parishes showed no shallow sands greater than 10 ft in 
thickness.  Location and depth information of water-supply wells screened in shallow sands within the 
confining unit complemented the well log information with respect to the areal distribution of shallow 
sands.  The screen depths ranged from 4 to 350 ft, and the maximum mean screen depth in a parish was 
183 ft.  Well location and depth to bottom of screen of the wells were mapped for the 12 parishes where 
shallow sands are present.  The location of well logs with greater than a 10 ft sand interval and the percent 
shallow sand within the confining unit also were mapped for the 12 parishes in the study area.  The locations 
of wells screened within the surficial confining unit and drillers’ or geophysical logs showing shallow sands 
greater than 10 feet thick are mapped for 12 of the 15 parishes in the study area.  The percentage of shallow-
sand thickness in the confining unit is indicated for each log.  Well-screen depths of 1,579 shallow wells 
used for domestic, irrigation, or petroleum rig-supply purposes were assumed to indicate the presence of 
productive shallow sands within the confining unit; however, only about 19 percent of the 2,098 logs 
analyzed indicate that shallow sands are present.  The logs also indicate that the percentage of shallow-sand 
thickness in the confining unit can vary greatly across very short distances.  
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Water Resources of Calcasieu Parish, Louisiana


Introduction
Information concerning the availability, use, and quality 


of water in Calcasieu Parish, Louisiana (fig. 1), is critical 
for proper water-resource management. The purpose of this 
fact sheet is to present information that can be used by water 
managers, parish residents, and others for stewardship of this 
vital resource. Information on the availability, past and current 
use, use trends, and water quality from groundwater and surface-
water sources in the parish is presented. Previously published 
reports (see References Cited section) and data stored in the U.S. 
Geological Survey’s National Water Information System (http://
dx.doi.org/10.5066/F7P55KJN) are the primary sources of the 
information presented here. 


In 2010, about 223.7 million gallons per day (Mgal/d) 
of water were withdrawn in Calcasieu Parish, including about 


136.7 Mgal/d from surface-water sources and 87.0 Mgal/d from 
groundwater sources.1 Withdrawals for industrial use accounted 
for the majority (156.5 Mgal/d) of total water withdrawn 
(tables 1–2). Other categories of use included public supply, 
power generation, rural domestic, livestock, rice irrigation, 
general irrigation, and aquaculture. Water-use data collected 
at 5-year intervals from 1960 to 2010 (fig. 2) indicated that 
water withdrawals peaked in 1970 at about 1,020 Mgal/d. The 
generally downward trend in water withdrawals from 1960 to 
2010 is largely attributable to reductions in withdrawals for 
industrial use and rice irrigation. 


1Water-withdrawal data are based on estimated or reported site-specific data 
and aggregated data, which are distributed to sources. For a full description 
of water-use estimate methodology, see “Data Collection” in Sargent (2011). 
Tabulation of numbers in text and tables may result in different totals because of 
rounding; nonrounded numbers are used for calculation of totals. 
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Figure 1. Location of study area, Calcasieu Parish, Louisiana.
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Table 1. Groundwater withdrawals, in million gallons per day, by source and use category in Calcasieu Parish, Louisiana, 2010 (B.P. 
Sargent, U.S. Geological Survey, written commun., 2015). 


[<, less than]


Use category
Chicot aquifer system


Evangeline 
aquifer


Total by use"200-foot" and 
upper sand


"500-foot" sand
"700-foot" and 


lower sand
Undifferentiated 


sand
Shallow sand


Public supply 1.19 21.62 2.10 0.04 0.00 0.79 25.73
Industrial 1.16 39.35 <0.01 0.72 0.00 0.00 41.23
Power generation 0.00 6.46 0.00 0.00 0.00 0.00 6.46
Rural domestic 1.56 0.53 0.00 0.02 0.11 0.00 2.23
Livestock 0.10 0.03 0.01 0.04 0.01 0.00 0.20
Rice irrigation 3.71 2.29 0.63 0.95 0.32 0.00 7.90
General irrigation 0.18 0.11 0.02 0.00 0.03 0.00 0.34
Aquaculture 0.58 0.58 0.58 0.00 1.16 0.00 2.90
Total by source 8.49 70.97 3.35 1.77 1.63 0.79 87.00


Table 2. Surface-water withdrawals, in million gallons per day, by source and use category in Calcasieu Parish, Louisiana, 2010 (B.P. 
Sargent, U.S. Geological Survey, written commun., 2015).


Use category Calcasieu River
Gulf Intracoastal 


Waterway
Sabine River 


Diversion System
Miscellaneous 


streams
Total by use


Public supply 0.00 0.00 0.50 0.00 0.50
Industrial 76.17 0.01 39.12 0.00 115.30
Power generation 0.05 0.00 14.46 0.00 14.51
Livestock 0.00 0.00 0.00 0.30 0.30
Rice irrigation 0.00 0.00 0.00 3.77 3.77
Aquaculture 0.00 0.00 0.00 2.34 2.34
Total by source 76.22 0.01 54.07 6.42 136.72
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Figure 2. Water withdrawals in Calcasieu Parish, Louisiana, 
1960–2010 (Sargent, 2011).


Groundwater Resources
Fresh groundwater (water with a chloride concentration of 


250 milligrams per liter [mg/L] or less) is available in Calcasieu 
Parish in several different aquifers to varying depths, depending on 
location. The base of freshwater in Calcasieu Parish ranges from 
about 400 feet (ft) below the National Geodetic Vertical Datum of 
1929 (NGVD 29) to almost 2,500 ft below NGVD 29. The deepest 
freshwater is north of DeQuincy within the Williamson Creek 
aquifer. In the rest of the roughly northern quarter of the parish, the 
base is present at depths from about 700 to 2,000 ft or more below 
NGVD 29 within the Evangeline aquifer. In the southern three-
fourths of the parish, the base of freshwater ranges in depth from 
about 500 to 800 ft below NGVD 29 and is within the Chicot aquifer 
system (fig. 1; Smoot, 1988). 


The Chicot Aquifer System


The Chicot aquifer system is an important regional aquifer 
system underlying most of southwestern Louisiana. The aquifer 
system crops out and receives recharge in parishes to the north and 
northeast of Calcasieu Parish where the aquifer system is largely 
composed of one, major, undifferentiated sand. The undifferentiated 
sand thickens and deepens to the south and, near the northern border 
of Calcasieu Parish (fig. 1), becomes subdivided into a complex 
series of sand layers by clay confining layers. West of about the 







longitude of the town of Iowa (fig. 1), these divisions consist of the 
“200-foot,” “500-foot,” and “700-foot” sands of the Lake Charles area 
(fig. 3). East of this longitude, these divisions consist of the Chicot 
aquifer upper and lower sands, which are hydraulically connected to 
the “200-foot” and “700-foot” sands, respectively (fig. 3). 


 A surficial confining layer of clay restricts infiltration of 
precipitation into the groundwater system throughout the parish. 
The surficial confining layer thickness ranges from 40 ft in small 
areas in northwestern and northeastern Calcasieu Parish to 280 ft in 
the south-central part of the parish (Sargent, 2004). Within the 
surficial confining clay are scattered sand streaks, sand lenses, 
and sand layers collectively named the “shallow sand unit of the 
Chicot aquifer system.”


The primary aquifers in the parish are the “200-foot,” “500-
foot,” and “700-foot” sands (table 1), and these aquifers share similar 
characteristics but are present at varying depths. The “200-foot” sand 
generally grades from fine to medium sand at the top to a coarse sand 
or gravel at the base (Harder, 1960). The top of the sand is present 
at depths of zero to 50 ft above NGVD 29 near the northeastern 
corner of the parish and greater than 300 ft below NGVD 29 in the 
southwestern corner of the parish (Harder, 1960). The “500-foot” sand 
generally grades from fine sand at the top to coarse sand and gravel 
near the base (Harder, 1960). The top of the “500-foot” sand is present 
at less than 400 ft below NGVD 29 in northern areas of the parish and 
reaches over 600 ft below NGVD 29 in the southeastern corner of the 
parish (Nyman, 1984). The base of the “500-foot” sand ranges from 
greater than 400 ft below NGVD 29 in the northern part of the parish 
to greater than 800 ft below NGVD 29 in the southeastern corner of 
the parish (Nyman, 1989). The “700-foot” sand is generally tan to 
grayish and grades from fine sand at the top to coarse sand at the base 
(Harder, 1960). The top of the “700-foot” sand is present at depths of 
less than 400 ft below NGVD 29 in the northern part of the parish and 
reaches depths exceeding 800 ft below NGVD 29 in the southeastern 
corner of the parish. The base of the lower sand and “700-foot” sand 
ranges from greater than 400 ft in the northern tip of the parish to 
greater than 1,000 ft in the southeastern corner of the parish (Nyman, 
1989). In 2015, more than 4900 active wells were screened in Chicot 
aquifer system in Calcasieu Parish, with most of them being screened 
in these three primary aquifers from depths of 13 to 849 ft, with yields 
of up to 5,471 gallons per minute (Louisiana Department of Natural 
Resources, written commun., 2015) (table 3). 


Water levels in wells in all three sands in Calcasieu Parish 
showed similar spatial and temporal patterns. In 2011–12, water 
levels in wells screened in the “200-foot,” “500-foot,” and “700-
foot” sands in Calcasieu Parish ranged from highs of approximately 
7.6 ft above, 2.4 ft below, and 14.1 ft below NGVD 29, respectively, 
to lows of 49.9 ft below, 79.6 ft below, and 69.6 ft below NGVD 
29, respectively (U.S. Geological Survey, 2016a). Spatially, water 
levels in wells in all three sands were lowest near the Calcasieu River 
in the Lake Charles metropolitan area, corresponding well to the 
documented movement of groundwater toward this area (Nyman, 
1984; Lovelace, 1998). Water levels in wells have varied in similar 
ways over time and have risen in general by as much as 20 ft since 
the 1970s (fig. 4), because of decreased pumping.


Groundwater Quality


Freshwater samples collected from 111 wells screened in the 
“200-foot” sand, 239 wells screened in the “500-foot” sand, and 
63 wells screened in the “700-foot” sand had median hardness 
values in the moderately hard range.2 Over 90 percent of samples 
in each aquifer did not exceed the U.S. Environmental Protection 
Agency’s Secondary Maximum Contaminant Levels (SMCLs)3 
for pH. Over 80 percent of samples in each aquifer did not exceed 
the SMCL for dissolved-solids concentrations. Median values for 
iron concentrations were below the SMCL in the “200-foot” sand 
and greatly exceeded the SMCL in the “500-foot” and “700-foot” 
sands (table 4). 


Saltwater (water with a chloride concentration greater than 
250 mg/L) is present in both local and widespread areas within 
the Chicot aquifer system in Calcasieu Parish. At the base of the 
“200-foot” sand and in the upper sand, saltwater is present along 
most of the southern parish boundary, in the southeastern corner 
of the parish, and in a localized area near Iowa. At the base of the 


2Hardness ranges, expressed as milligrams per liter of calcium carbonate, are as 
follows: 0–60, soft; 61–120, moderately hard; 121–180, hard; greater than 180, very 
hard (Hem, 1985).


3The SMCLs are nonenforceable Federal guidelines regarding cosmetic effects 
(such as tooth or skin discoloration) or aesthetic effects (such as taste, odor, or color) 
of drinking water. At high concentrations or values, health implications as well as 
aesthetic degradation might exist. SMCLs were established as guidelines for the 
States by the U.S. Environmental Protection Agency (2016). 
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Table 3. Active registered wells in the Chicot aquifer system in Calcasieu Parish in 2015 (Louisiana Department of Natural Resources, 
written commun., 2015).


Shallow sand
“200-foot” and 


upper sands
“500-foot" sand


“700-foot” and 
lower sands


Undifferentiated 
sand


Domestic 276 2,985 935 15 20
Industrial 5 35 121 12 4
Irrigation 17 120 93 16 7
Public supply 7 142 120 13 4
Power generation 0 0 6 0 0
Total 305 3,282 1,275 56 35


Well depth range (feet 
below land surface) 13–305 18–590 130–740 445–849 70–460


Yield range (gallons 
per minute) 2–50 4–5,471 5–5,000 20–4,700 30–4,000
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Figure 4. Water levels in 
wells Cu-771, Cu-787, and 
Cu-767 screened in the 
“200-foot” sand, “500-
foot” sand and “700-foot” 
sand of the Chicot aquifer 
system in Calcasieu 
Parish, Louisiana (see 
fig. 1 for well locations; 
U.S. Geological Survey, 
2016a). Land surface and 
water levels are in feet 
(ft) relative to the National 
Geodetic Vertical Datum of 
1929 (NGVD 29).


“500-foot” sand, saltwater is present along much of the southern 
parish boundary, in the southeastern corner of the parish, and in 
three small isolated areas at or near industrial facilities between Lake 
Charles and Sulphur. At the base of the “700-foot” sand and in the 
lower sand, saltwater is present in the southern two-thirds of the 
parish. The “700-foot” sand contains only saltwater along most of the 
southern parish boundary (Harder, 1960; Nyman, 1989). 


Surface-Water Resources 
Surface-water resources in Calcasieu Parish are available 


in two regional drainage basins: the Calcasieu-Mermentau Basin 
(Hydrologic Unit Code [HUC] 080802), which covers the majority 
of the parish, and the Sabine Basin (HUC 120100), which is present 
along the Sabine River on the western side of the parish (U.S. 
Geological Survey, 2016b). In 2010, about 136.7 Mgal/d of surface 
water were withdrawn in Calcasieu Parish for public supply, industry, 
power generation, livestock, rice irrigation, and aquaculture use 
(table 2). Over 95 percent of surface-water withdrawals came from 


the Calcasieu River (76.22 Mgal/d) and Sabine River Diversion 
System (54.07 Mgal/d) (table 2). 


Calcasieu-Mermentau Basin


The Calcasieu-Mermentau Basin is subdivided into six subbasins, 
four of which are present in Calcasieu Parish. These subbasins are 
the West Fork Calcasieu (HUC 08080205), Upper Calcasieu (HUC 
08080203), Lower Calcasieu (HUC 08080206), and Mermentau 
(HUC 08080202) (fig. 1).


The West Fork Calcasieu and Upper Calcasieu subbasins cover 
most of the northern half of the parish and drain south into the Lower 
Calcasieu subbasin, which extends to and drains southward into the 
Gulf of Mexico. The West Fork Calcasieu subbasin is drained by 
the Houston River, West Fork Calcasieu River, Indian Bayou, and 
many other small streams. The Houston River and Indian Bayou 
are tributaries of West Fork Calcasieu River, which flows into the 
Calcasieu River just upstream of Lake Charles. The Upper Calcasieu 







Table 4. Summary of selected water-quality characteristics of freshwater in the Chicot aquifer system in Calcasieu Parish, Louisiana 
(U.S. Geological Survey, 2016a). 


[Values are in milligrams per liter, except as noted. °C, degrees Celsius; PCU, platinum cobalt unit; µS/cm, microsiemen per centimeter; SU, standard 
unit; CaCO3, calcium carbonate; µg/L, microgram per liter; NA, not applicable; SMCL, Secondary Maximum Contaminant Level established by the U.S. 
Environmental Protection Agency (2016)]


Temper- 
ature 
(°C)


Color, 
(PCU)


Specific 
conductance, 


field 
(µS/cm 


at 25 °C)


pH, 
field 
(SU)


Hardness 
(as CaCO3)


Chloride, 
filtered 
(as Cl)


Iron, 
filtered 


(µg/L 
as Fe)


Manga-
nese, 


filtered 
(µg/L 


as Mn)


Dissolved 
solids, 
filtered


“200-foot” sand of the Lake Charles area, 1940–2009 (111 wells) 


Median 22.0 1 483 7.5 110 32 230 140 280
10th percentile 20.3 0 364 6.9 66 16 30 60 232
90th percentile 23.3 10 1,090 7.9 200 120 2,800 450 509
Number of samples 79 28 95 68 73 106 46 48 63
Percentage of 


samples that do 
not exceed SMCLs


NA. 93 NA. 93 NA. 100 59 6 86


“500-foot” sand of the Lake Charles area, 1940–2006 (239 wells) 


Median 23.5 5 404 7.2 110 34 1,000 350 258
10th percentile 22.0 0 301 6.8 80 22 180 240 214
90th percentile 25.0 20 677 7.6 140 98 2,200 480 436
Number of samples 127 99 188 143 155 237 97 91 104
Percentage of 


samples that do 
not exceed SMCLs


NA. 87 NA. 99 NA. 100 19 1 92


“700-foot” sand of the Lake Charles area, 1939–95 (63 wells) 


Median 24.0 5 548 7.4 100 68 920 390 332
10th percentile 22.0 0 341 6.7 66 26 260 160 263
90th percentile 25.5 36 952 8.2 140 200 2,100 500 558
Number of samples 32 29 49 40 46 62 15 20 30
Percentage of 


samples that do 
not exceed SMCLs


NA. 72 NA. 92 NA. 100 13 0 83


SMCLs


NA. 15 NA. 6.5–8.5 NA. 250 300 50 500


subbasin is drained by the Calcasieu River whose tributaries include 
Bayou Serpent and many other small streams. The annual average 
discharge upstream of Calcasieu Parish for the Calcasieu River 
near Kinder (site number 08015500) (fig. 1) during 1922–2014 
was 2,524 cubic feet per second (ft3/s) (U.S. Geological Survey, 
2016a) from a drainage area of 1,700 square miles (mi2). The Lower 
Calcasieu subbasin in Calcasieu Parish contains the Calcasieu River, 
Bayou Choupique, the Gulf Intracoastal Waterway, and many other 
small streams. Multiple lakes are found along the Calcasieu River in 
Calcasieu Parish. 


The Mermentau subbasin is located in the southeastern corner of 
the parish and is drained by Bayou Lacassine and other small streams. 


Sabine Basin


The Sabine Basin contains only the Lower Sabine subbasin in 
Calcasieu Parish (HUC 12010005) and is drained by the Sabine River. 
The Sabine River drains a strip of land along the western border of 


the parish and is connected to the interior of Calcasieu Parish by 
canals. In the north-central part of the parish, the Sabine River 
Diversion System conveys water by way of canal from the Sabine 
River eastward to several industries located near Westlake and 
Sulphur. The system also supplies water for municipal use and 
irrigation (Sabine River Authority, 2007). In the southern part of 
the parish, the Gulf Intracoastal Waterway runs roughly east-west 
from the Texas border, across the Calcasieu River just south of 
Moss Lake, then southeastward into Cameron Parish. The annual 
average discharge of the Sabine River near Ruliff, Tex. (site 
number 08030500), (fig. 1) during 1961–2015 was 7,626 ft3/s from 
a drainage area of about 9,330 mi2 (U.S. Geological Survey, 2016a). 


Surface-Water Quality


Water samples collected from the Calcasieu River near Lake 
Charles (site number 08015900) during 1968–78 and from the 
Sabine River near Ruliff, Tex., during 1967–2000 have median 







hardness values in the soft range (table 5). Over 80 percent of 
samples did not exceed the SMCL for iron concentrations, and 
median pH values were also within the SMCLs. Dissolved-oxygen 
concentrations were generally greater than 5 mg/L, which is 
considered the minimum value for a diverse population of fresh, 
warmwater biota, including sport fish (Louisiana Department of 
Environmental Quality, 2008). 
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Table 5. Summary of selected water-quality characteristics for the Calcasieu and Sabine Rivers, Calcasieu Parish, Louisiana (U.S. Geological 
Survey, 2016a). 


[Values are in milligrams per liter, except as noted. µS/cm, microsiemen per centimeter; °C, degrees Celsius; SU, standard unit; CaCO3, calcium carbonate; µg/L, 
microgram per liter; SMCL, Secondary Maximum Contaminant Level established by the U.S. Environmental Protection Agency (2016); NA, not applicable]


Specific 
conductance, 


field 
(µS/cm at 


25 °C)


Oxygen, 
dissolved


pH, 
field 
(SU)


Hard- 
ness 
(as 


CaCO3)


Calcium, 
filtered 
(as Ca)


Magne-
sium, 


filtered 
(as Mg)


Sodium, 
filtered 
(as Na)


Chloride, 
filtered 
(as Cl)


Sulfate, 
filtered 
(as SO4)


Iron, 
filtered 


(µg/L 
as Fe)


Calcasieu River near Lake Charles, 1968–781


Median 98 7.4 6.7 18 4.2 1.7 12 18 6.0 140
10th percentile 43 5.4 5.8 10 2.5 0.8 4.3 5.1 3.7 80
90th percentile 3,360 10.0 7.2 330 26 65 520 980 130 360
Number of samples 49 48 49 49 49 49 49 49 49 15
Percentage of samples 


that do not exceed 
SMCLs


NA. NA. 69 NA. NA. NA. NA. 86 94 87


Sabine River near Ruliff, Texas 1967–20002


Median 142 7.8 6.8 29 7.4 2.4 15 18 12 150


10th percentile 92 6.4 6.2 18 4.9 1.3 9.2 11 7.2 70


90th percentile 197 10.2 7.2 38 10 3.3 21 27 19 360


Number of samples 538 190 302 291 291 291 213 520 519 106
Percentage of samples 


that do not exceed 
SMCLs


NA. NA. 80 NA. NA. NA. NA. 100 100 87


SMCLs


NA. NA. 6.5–8.5 NA. NA. NA. NA. 250 250 300
1Site number 08015900 (see fig. 1).  
2Site number 08030500 (see fig. 1).  
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Potentiometric Surfaces, 2011–12, and Water-Level 
Differences Between 1995 and 2011–12, in Wells of the 
“200-Foot,” “500-Foot,” and “700-Foot” Sands of the Lake 
Charles Area, Southwestern Louisiana 


By Vincent E. White and Jason M. Griffith


Abstract
Water levels were determined in 90 wells to prepare 


2011–12 potentiometric surfaces focusing primarily on the 
“200-foot,” 500-foot,” and “700-foot” sands of the Lake 
Charles area, which are part of the Chicot aquifer system 
underlying Calcasieu and Cameron Parishes of southwestern 
Louisiana. These three aquifers provided 34 percent of the 
total water withdrawn and 93 percent of the groundwater 
withdrawn in Calcasieu and Cameron Parishes in 2012 
(84.5 million gallons per day [Mgal/d]). This work was 
completed by the U.S. Geological Survey, in cooperation with 
the Louisiana Department of Transportation and Development, 
to assist in developing and evaluating groundwater-resource 
management strategies. The highest water levels determined 
in wells screened in the “200-foot,” “500-foot,” and “700-
foot” sands were about 8 feet (ft) above the National Geodetic 
Vertical Datum of 1929 (NGVD 29), 2 ft below NGVD 29, 
and 14 ft below NGVD 29, respectively, and were located 
in northwestern Calcasieu Parish. The lowest water levels 
determined in wells screened in the “200-foot,” “500-foot,” 
and “700-foot” sands were approximately 50, 80, and 70 ft 
below NGVD 29, respectively, and were located in the 
southern Lake Charles metropolitan area, to the west of Prien 
Lake, and between the cities of Lake Charles and Sulphur, 
respectively. The primary groundwater flow direction in 
these three aquifers was radially towards pumping centers 
overlying the water-level lows. Comparisons of water-level 
differences in 42 wells measured in 1995 and 2011–12 
indicated that the maximum increases in water levels for wells 
screened in the “200-foot,” “500-foot,” and “700-foot” sands 
were approximately 7, 31, and 19 ft, respectively. Water-
level increases coincided with a decline in total groundwater 
withdrawals during the period (about 25 Mgal/d from 1995 to 
2012) from these sands. More specifically, withdrawals from 
the “500-foot” sand affected water levels in wells screened 
in the “200-foot” and “700-foot” sands because the three are 
hydraulically connected and withdrawals from the “500-foot” 
sand were greater by volume than withdrawals from the “200-
foot” and “700-foot” sands.


Introduction
Increases in groundwater withdrawals can lead to 


declining water levels and changes in flow directions and 
can affect water quality. Withdrawals from the Chicot aquifer 
system in the Lake Charles area of southwestern Louisiana 
(fig. 1), primarily from the “500-foot” sand, have caused 
long-term (years to decades) potentiometric-surface declines 
resulting in a cone of depression in the “500-foot” sand that 
extends across Calcasieu Parish. Because the “200-foot” and 
“700-foot” sands are hydraulically connected to the “500-foot” 
sand in this area, withdrawals from the “500-foot” sand have 
lowered water levels in wells screened in the “200-foot” and 
“700-foot” sands (figs. 2–4). Withdrawals have also caused 
hydraulic gradients favorable for encroachment of saltwater1 
towards fresh groundwater in the Lake Charles area (Lovelace, 
1999).


Additional knowledge about groundwater levels, 
groundwater flow, and the effects of withdrawals on the “200-
foot,” “500-foot,” and “700-foot” sands of the Lake Charles 
area is needed to assess the effects of withdrawals, determine 
the direction of groundwater flow, and develop sustainable 
groundwater-resource management strategies. To meet this 
need, the U.S. Geological Survey (USGS), in cooperation with 
the Louisiana Department of Transportation and Development 
(DOTD), began a study in 2011 to measure depth to water in a 
network of 90 wells in order to determine and document water 
levels in wells screened in the “200-foot,” “500-foot,” and 
“700-foot” sands and to prepare potentiometric surfaces and 
evaluate differences in water levels.


1Saltwater in this report is defined as water that contains chloride at 
concentrations of more than 250 milligrams per liter (mg/L). Concentrations 
of chloride less than 250 mg/L are within the secondary maximum 
contaminant level (SMCL) and are considered freshwater. The SMCLs 
are Federal guidelines regarding cosmetic effects (such as tooth or skin 
discoloration), aesthetic effects (such as taste, odor, or color), or technical 
effects (such as damage to water equipment or reduced effectiveness of 
treatment for other contaminants) of potential constituents of drinking water. 
The SMCLs were established as guidelines by the U.S. Environmental 
Protection Agency (2016). 
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Purpose and Scope


This report presents data, analysis, and maps that 
primarily describe the potentiometric surfaces of the “200-
foot,” “500-foot,” and “700-foot” sands of the Lake Charles 
area during 2011–12. Water-level differences are calculated for 
select wells measured in both 1995 and 2011–12. In addition 
to the data presented in this report, water-level data are also 
available from the USGS National Water Information System 
database (U.S. Geological Survey, 2017a) and Louisiana 
Water-Use Program (U.S. Geological Survey, 2017b). 


Description of Study Area


The study area (fig. 1) extends across about 2,300 square 
miles and includes all of Calcasieu Parish, the western two-
thirds of Cameron Parish, and the extreme southwestern 
corner of Jefferson Davis Parish in southwestern Louisiana. 
The largest city in the study area, Lake Charles, had a 2010 
population of about 72,000 (U.S. Census Bureau, 2019). 
Much of the study area is rural and agricultural, with rice 
production being a historically important agricultural sector 
(Louisiana State University AgCenter, 2015; fig. 1). Many and 
various industrial facilities are located near the Lake Charles 
metropolitan area, in the vicinity of the western bank of the 
Calcasieu River, and in Westlake. The climate is generally 
warm and temperate with high humidity and frequent rainfall. 
For the city of Lake Charles, the average annual temperature is 
68 degrees Fahrenheit, and the average annual rainfall is about 
56 inches (National Oceanic and Atmospheric Administration, 
2011). Topographically, the study area is composed of a 
coastal plain, with the highest surface altitudes at about 
90 feet (ft) above the National Geodetic Vertical Datum of 
1929 (NGVD 29) at the northern border of the study area near 
DeQuincy and the lowest altitudes equivalent to about NGVD 
29 at the southern border of the study area (U.S. Geological 
Survey, 2015). 


Hydrogeologic Setting
The Chicot aquifer system underlies southwestern 


Louisiana and parts of southeastern Texas and is composed 
of a sequence of deposits of silt, sand, and gravel interbedded 
with clay and sandy clay that dips and thickens towards 
the south and southeast (fig. 3) (Nyman, 1984). The sand 


deposits grade southward from coarse sand and gravel to finer 
sediments and become increasingly subdivided by clay layers. 
A surficial clay confining layer overlies most of the Chicot 
aquifer system in southwestern Louisiana. Underlying the 
study area, the Chicot aquifer system is composed of various 
aquifers including the “200-foot,” “500-foot,” and “700-foot” 
sands, the upper and lower sands, and the undifferentiated 
sand (figs. 1 and 3). In addition, various shallow sands are 
present within a surficial confining layer (Lovelace, 1999).


The “200-foot,” “500-foot,” and “700-foot” sands are 
named for their general depths of occurrence in the Lake 
Charles area (Jones, 1950) and are located beneath central and 
western Calcasieu and Cameron Parishes (fig. 1) (Lovelace, 
1998). Along the northern border of Calcasieu Parish, these 
sands merge into a single massive undifferentiated sand unit. 
The upper and lower sand units are in the eastern parts of 
Calcasieu and Cameron Parishes and are stratigraphically 
equivalent and hydraulically connected to the “200-foot” and 
the “700-foot” sands, respectively, in the Lake Charles area. 
Although the “500-foot” sand is stratigraphically equivalent to 
the lower sand unit of the Chicot aquifer system, it generally 
pinches out (disappears) to the east where it is commonly not 
directly hydraulically connected with the lower sand unit of 
the Chicot aquifer system (Lovelace, 1999). 


Recharge to the Chicot aquifer system results from 
infiltration of precipitation primarily north of the study area 
(fig. 1 index map), where the aquifer system is at or near 
ground surface. In the recharge area, water percolates down 
into and through sandy surficial soil eventually reaching the 
“200-foot,” “500-foot,” and “700-foot” sands of the Lake 
Charles area (Nyman and others, 1990; Lovelace and others, 
2001). Additional recharge is from leakage through vertically 
adjacent clay confining units (fig. 3). 


Prior to extensive groundwater development in the study 
area during the 1940s, the movement of groundwater in the 
Chicot aquifer system as a whole was generally downgradient 
from north to south, and groundwater discharged into 
shallower aquifers or to the surface along the Sabine River 
and the Gulf of Mexico (Nyman and others, 1990). Since the 
1940s, large withdrawals for industrial use, agriculture, and 
public supply primarily from the “200-foot,” “500-foot,” and 
“700-foot” sands of the Lake Charles area have caused water-
level declines and altered the flow of groundwater in the study 
area. These declines have resulted in groundwater flowing 
towards the concentrated pumping in the vicinity of Lake 
Charles in Calcasieu Parish and towards agricultural areas 
(fig. 1) (Jones and others, 1954; Lovelace, 1998). 



http://waterdata.usgs.gov/nwis
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Methods
Potentiometric-surface maps were prepared based on 


water levels determined from 90 wells screened primarily in 
the “200-foot,” “500-foot,” and “700-foot” sands (table 1). 
Water levels were calculated by subtracting the depth-to-water 
measurement from the land-surface altitude and are referenced 
to NGVD 29. Seven nearby wells (Cu-971, Cu-5866Z, 
JD-485A, Cu-11708Z, Cu-10260Z, Cu-970, and Cu-1269) 
that were not screened in the “200-foot,” “500-foot,” and 
“700-foot” sands, but which were screened in hydraulically 
connected and stratigraphically equivalent sands (upper 
sand, lower sand, and undifferentiated sand) were used to 
create more complete potentiometric surfaces and water-level 
difference maps. Although used to present a more complete 
potentiometric surface, well Cu-11708Z was not used for 
analysis of minimum and maximum water levels because this 
well is screened in the undifferentiated sand in the northern 
part of the study area, where the “200-foot,” “500-foot,” 
and “700-foot” sands have merged. Cu-10260Z is coded 
as screened in the undifferentiated sand but is south of the 
approximate boundary between the undifferentiated sand and 
“200-foot” sand (fig. 1) and was treated accordingly. 


Depth to water in each well was measured by using 
a steel or electrical tape marked with 0.01-ft gradations 
and were reported to one-hundredths of a foot, following 
procedures in Cunningham and Schalk (2011). Wells in which 
depth to water was measured were not being pumped at the 
time the measurements were made. If wells had been recently 
pumped, depth to water was measured after an appropriate 
recovery period. Water-level data were collected from 
December 2011 through March 2012; water levels in the study 
area typically decline (because of seasonal withdrawals) to 
their yearly low in June. Potentiometric contours were drawn 
as approximate around individual wells if the water levels 
differed appreciably from water levels in nearby wells or if 
data were sparse. Water levels determined during 1995 and 
2011–12 at selected wells (table 1) were used to prepare water-
level difference maps. When more than one measurement had 
been made at a selected well during those years, measurements 
made during the same time of year were preferentially chosen 
to minimize potential differences resulting from seasonal 
water-level fluctuations; however, same-season measurements 
were not always available. 


Water-withdrawal data are collected collaboratively 
between the Louisiana DOTD and the USGS and made 
possible by the USGS Water Resources Cooperative 
Program: Louisiana Water-Use Program (U.S. Geological 
Survey, 2017b). Through this program, water-withdrawal 
data are collected from users or determined indirectly based 
on population size, agricultural-use types, and water-use 
coefficients. Totals are analyzed, compiled, and published by 
USGS on behalf of the Louisiana DOTD (U.S. Geological 
Survey, 2017b). Withdrawal data are provided to the public 
in several different combinations, such as by parish and 
aquifer, by State and aquifer, and by groundwater and parish; 
however, certain combinations and information are not 
published. Data that would reveal the exact location, such 
as address or latitude-longitude of withdrawal points, are 
not published in order to protect proprietary information. In 
addition, withdrawal data for individual sands within a larger 
aquifer or aquifer system are not published. For the purposes 
of this report, water use from each sand, the “200-foot,” 500-
foot,” and “700-foot” sands, are disaggregated from the total 
withdrawal values from the Chicot aquifer. This facilitates 
a clearer understanding of the effects of withdrawals on the 
water-level altitude surfaces for each respective sand unit. 
For further information, contact either the Louisiana Water-
Use Program USGS Lower Mississippi-Gulf Water Science 
Center, Baton Rouge office or the Louisiana DOTD Water 
Supply Availability and Use Program (Louisiana Department 
of Transportation and Development, 2018).


As with water-level data, withdrawal maps for the “200-
foot,” “500-foot,” and “700-foot” sands included withdrawals 
from the relevant upper, lower, and undifferentiated sands of 
the Chicot aquifer system. In this report, the withdrawal maps 
only included values that were greater than an average of 
0.1 million gallons per day (Mgal/d) at an individual well or 
a group of closely located wells. These values were provided 
to the Louisiana Water-Use Program and did not include 
indirectly determined values. Historical totals for groundwater 
withdrawals in the study area for 1960–2010 included 
the total groundwater withdrawals from all groundwater 
sources for Calcasieu and Cameron Parishes and have been 
provided to enable the reader to see current water-use values 
in their historical context. Historical totals for groundwater 
withdrawals in the study area for 1995–2012 included only 
withdrawals from the “200-foot,” “500-foot,” and “700-foot” 
sands. 
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Table 1. Water-level data from wells used to prepare the potentiometric surfaces (2011–12) and water-level difference (between 1995 and 2011–12) of the “200-foot,” “500-foot,” 
and “700-foot” sands of the Lake Charles area, southwestern Louisiana.—Continued


[USGS, U.S. Geological Survey; NGVD 29, National Geodetic Vertical Datum of 1929; mm, month; dd, day; yyyy, year; –, measurement not available during relevant time period; *, indicates that the well is 
screened in either the upper, lower, or undifferentiated sands of the Chicot aquifer system]


Well 
site 


name


USGS site 
number


Altitude of 
land surface, 
in feet above 


NGVD 29


Well depth, 
in feet 
below 


land surface


Date 
measured, 


mm/dd/yyyy


Depth to 
water level, 


in feet below 
land surface


Water-level 
altitude, in 
feet above 


or below (-) 
NGVD 29


Date 
measured, 


mm/dd/yyyy


Depth to 
water level, 


in feet below 
land surface


Water-level 
altitude, in 
feet above 


or below (-) 
NGVD 29


Difference, 
in feet between 


1995 and 
2011–12 value


“200-foot” sand
2011–12 1995


Cu- 529 300818093361601 18 276 12/30/2011 51.88 -33.88 12/7/1995 53.91 -35.91 2.03
Cu- 768 301036093124402 11.53 306 12/15/2011 61.42 -49.89 – – – –
Cu- 771 301336093183002 17.76 241 12/16/2011 55.40 -37.64 10/12/1995 60.73 -42.97 5.33
Cu- 798 300919093055601 25.43 345 3/7/2012 59.08 -33.65 – – – –
Cu- 843 301148093193202 12 205 2/20/2012 48.23 -36.23 2/13/1995 51.74 -39.74 3.51
Cu- 946 301356093171001 15 198 3/6/2012 54.25 -39.25 9/28/1995 61.68 -46.68 7.43
Cu- 962 300812093165801 11 287 12/19/2011 48.60 -37.60 – – – –
Cu- 975 301941093035602 20 237 12/21/2011 37.83 -17.83 11/29/1995 37.20 -17.20 -0.63
Cu- 984 300406093070001 15 325 3/7/2012 46.20 -31.20 – – – –
Cu- 990 301059093125103 14 183 12/15/2011 57.73 -43.73 11/2/1995 60.68 -46.68 2.95
Cu-1101 301157093250501 12 260 2/14/2012 58.33 -46.33 – – – –
Cu-11429Z 300545093163101 7 255 3/7/2012 40.35 -33.35 – – – –
Cu-11872Z 301416093153501 11 202 2/21/2012 47.19 -36.19 – – – –
Cu-12305Z 301445093164601 12 155 3/6/2012 43.51 -31.51 – – – –
Cu-12600Z 300836093281801 11 280 12/29/2011 35.79 -24.79 – – – –
Cu-12284Z 301016093224101 16 250 3/7/2012 51.11 -35.11 – – – –
Cu-12933Z 301725093224101 22 110 3/7/2012 23.46 -1.46 – – – –
Cu-1332 301033093205402 16 240 1/5/2012 58.69 -42.69 – – – –
Cu-13320Z 301709093334401 27 280 2/21/2012 44.42 -17.42 – – – –
Cu-13362Z 301201093404201 12 280 12/30/2011 34.02 -22.02 – – – –
Cu-13571Z 301703093090501 13 180 3/5/2012 37.69 -24.69 – – – –
Cu-6750Z 301512093171501 16 150 3/6/2012 48.71 -32.71 – – – –
Cu-9584Z 301335093344401 23 280 1/12/2012 47.49 -24.49 – – – –
Cn- 90 295611093044801 3.19 396 3/6/2012 31.62 -28.43 4/11/1995 23.92 -20.73 -7.70
Cn- 92 300104093015601 5.5 443 12/21/2011 38.99 -33.49 4/11/1995 29.66 -24.16 -9.33
Cu- 971* 300534092564402 5 500 12/22/2011 42.63 -37.63 11/21/1995 39.93 -34.93 -2.70
Cu-5866Z* 301118093004801 24 265 1/3/2012 61.22 -37.22 – – – –
JD- 485A* 301300092584503 21 290 2/7/2012 57.57 -36.57 2/14/1995 50.95 -29.95 -6.62
Cu-11708Z* 302828093265801 88 260 1/10/2012 69.08 18.92 – – – –
Cu-10260Z* 302059093402001 34 220 2/21/2012 26.36 7.64 – – – –


Table 1. Water-level data from wells used to prepare the potentiometric surfaces (2011–12) and water-level difference (between 1995 and 2011–12) of the “200-foot,” “500-foot,” 
and “700-foot” sands of the Lake Charles area, southwestern Louisiana. 


[USGS, U.S. Geological Survey; NGVD 29, National Geodetic Vertical Datum of 1929; mm, month; dd, day; yyyy, year; –, measurement not available during relevant time period; *, indicates that the well is 
screened in either the upper, lower, or undifferentiated sands of the Chicot aquifer system]
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Table 1. Water-level data from wells used to prepare the potentiometric surfaces (2011–12) and water-level difference (between 1995 and 2011–12) of the “200-foot,” “500-foot,” 
and “700-foot” sands of the Lake Charles area, southwestern Louisiana.—Continued


[USGS, U.S. Geological Survey; NGVD 29, National Geodetic Vertical Datum of 1929; mm, month; dd, day; yyyy, year; –, measurement not available during relevant time period; *, indicates that the well is 
screened in either the upper, lower, or undifferentiated sands of the Chicot aquifer system]


Well 
site 


name


USGS site 
number


Altitude of 
land surface, 
in feet above 


NGVD 29


Well depth, 
in feet 
below 


land surface


Date 
measured, 


mm/dd/yyyy


Depth to 
water level, 


in feet below 
land surface


Water-level 
altitude, in 
feet above 


or below (-) 
NGVD 29


Date 
measured, 


mm/dd/yyyy


Depth to 
water level, 


in feet below 
land surface


Water-level 
altitude, in 
feet above 


or below (-) 
NGVD 29


Difference, 
in feet between 


1995 and 
2011–12 value


“500-foot” sand
2011–12 1995


Cu- 463B 301106093203202 17 516 1/5/2012 89.59 -72.59 – – – –
Cu- 552 301359093162202 13 517 1/11/2012 85.63 -72.63 9/6/1995 116.25 -103.25 30.62
Cu- 677 301445093162201 10 568 3/6/2012 77.89 -67.89 9/20/1995 99.69 -89.69 21.80
Cu- 770 301336093183003 17.54 490 12/16/2011 85.05 -67.51 10/12/1995 102.54 -85.00 17.49
Cu-787 300353093210201 4.33 734 3/28/2012 48.60 -44.27 4/11/1995 50.59 -46.26 1.99
Cu- 828 301149093190801 10 560 1/5/2012 89.64 -79.64 – – – –
Cu- 847 301230093193202 13 522 12/16/2011 81.87 -68.87 10/12/1995 98.61 -85.61 16.74
Cu- 849 301205093182501 10 564 1/4/2012 79.20 -69.20 10/11/1995 97.99 -87.99 18.79
Cu- 851 301213093191701 10 555 12/21/2011 80.75 -70.75 5/24/1995 97.9 -87.9 17.2
Cu- 895 301707093211601 18 355 12/13/2011 62.36 -44.36 – – – –
Cu- 947 300643093044701 20 600 12/15/2011 59.78 -39.78 11/29/1995 58.89 -38.89 -0.89
Cu- 957 301120093191002 17 500 1/5/2012 90.37 -73.37
Cu- 960 301031093204902 21 598 12/16/2011 85.48 -64.48 10/11/1995 95.82 -74.82 10.34
Cu- 961 301214093223201 14 540 2/20/2012 55.86 -41.86 – – – –
Cu- 963 300718093220001 10 399 12/29/2011 61.53 -51.53 12/7/1995 67.06 -57.06 5.53
Cu- 964 301339093253901 16 360 12/29/2011 56.43 -40.43 11/22/1995 63.94 -47.94 7.51
Cu- 977 301944093170402 20 515 12/20/2011 47.83 -27.83 11/22/1995 54.44 -34.44 6.61
Cu- 988 301059093125101 14 523 12/15/2011 74.69 -60.69 11/2/1995 81.48 -67.48 6.79
Cu-1018 301800093121701 20 398 12/13/2011 54.47 -34.47 – – – –
Cu-1019 300354093205501 5 700 3/6/2012 53.84 -48.84 – – – –
Cu-1020 301141093123501 18 375 12/15/2011 77.68 -59.68 11/2/1995 86.02 -68.02 8.34
Cu-1021 301435093154601 12 487 12/19/2011 75.27 -63.27 10/12/1995 93.43 -81.43 18.16
Cu-1041 300702093165801 9 560 12/15/2011 65.18 -56.18 11/2/1995 69.72 -60.72 4.54
Cu-1051 301401093302401 20 410 2/2/2012 53.23 -33.23 12/13/1995 57.42 -37.42 4.19
Cu-1055 301450093251501 15 520 2/2/2012 55.27 -40.27 – – – –
Cu-11500Z 302127093102801 34 250 12/14/2011 54.97 -20.97 – – – –
Cu-1160 301559093374601 25 526 2/1/2012 46.50 -21.50 – – – –
Cu-11708Z* 302828093265801 88 260 1/10/2012 69.08 18.92 – – – –
Cu-12287Z 300822093321201 10 460 2/2/2012 43.44 -33.44 – – – –
Cu-12469Z 301753093300501 26 250 2/1/2012 59.47 -33.47 – – – –
Cu-12489Z 301401093063201 17 460 12/14/2011 56.77 -39.77 – – – –
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Table 1. Water-level data from wells used to prepare the potentiometric surfaces (2011–12) and water-level difference (between 1995 and 2011–12) of the “200-foot,” “500-foot,” 
and “700-foot” sands of the Lake Charles area, southwestern Louisiana.—Continued


[USGS, U.S. Geological Survey; NGVD 29, National Geodetic Vertical Datum of 1929; mm, month; dd, day; yyyy, year; –, measurement not available during relevant time period; *, indicates that the well is 
screened in either the upper, lower, or undifferentiated sands of the Chicot aquifer system]


Well 
site 


name


USGS site 
number


Altitude of 
land surface, 
in feet above 


NGVD 29


Well depth, 
in feet 
below 


land surface


Date 
measured, 


mm/dd/yyyy


Depth to 
water level, 


in feet below 
land surface


Water-level 
altitude, in 
feet above 


or below (-) 
NGVD 29


Date 
measured, 


mm/dd/yyyy


Depth to 
water level, 


in feet below 
land surface


Water-level 
altitude, in 
feet above 


or below (-) 
NGVD 29


Difference, 
in feet between 


1995 and 
2011–12 value


“500-foot” sand—Continued
2011–12—Continued 1995


Cu-1267 301852093393901 30 405 12/14/2011 32.43 -2.43 – – – –
Cu-1319 301359093160701 15 510 1/11/2012 85.35 -70.35 – – – –
Cu-1328 301420093130301 16 495 3/8/2012 79.70 -63.70 – – – –
Cu-13524Z 301031093255301 10 470 2/20/2012 54.23 -44.23 – – – –
Cu-13585Z 301628093073601 15 300 12/14/2011 44.49 -29.49 – – – –
Cn- 87 295324093240602 8.46 804 3/6/2012 44.26 -35.80 – – – –
Cn- 88L 300055093093004 8.86 804 12/15/2011 48.49 -39.63 4/11/1995 45.49 -36.63 -3.00
Cn- 120 295721093115701 3 764 3/6/2012 37.50 -34.50 – – – –
Cn- 134 295839093203501 5 710 3/6/2012 43.16 -38.16 – – – –


“700-foot” sand
2011–12 1995


Cu- 746 301300093161601 4.09 780 1/11/2012 70.16 -66.07 10/20/1995 89.51 -85.42 19.35
Cu- 767 301036093124401 11.42 850 12/15/2011 68.31 -56.89 4/10/1995 69.46 -58.04 1.15
Cu- 769 301336093183001 17.62 642 12/16/2011 84.85 -67.23 4/10/1995 97.52 -79.90 12.67
Cu- 788 300825093260801 6.11 805 12/19/2011 52.37 -46.26 11/22/1995 54.67 -48.56 2.30
Cu- 811 300812093165802 11 923 12/19/2011 65.71 -54.71 – – – –
Cu- 958 301944093170401 20 707 12/20/2011 46.23 -26.23 11/30/1995 52.55 -32.55 6.32
Cu- 959 301031093204901 21 733 12/16/2011 82.22 -61.22 10/11/1995 92.01 -71.01 9.79
Cu- 972 301941093035601 20 595 12/21/2011 43.27 -23.27 11/29/1995 42.38 -22.38 -0.89
Cu- 978 301409093120301 15 645 12/20/2011 68.14 -53.14 11/1/1995 77.24 -62.24 9.10
Cu- 994 300634093400401 5 757 12/20/2011 40.77 -35.77 12/8/1995 33.00 -28.00 -7.77
Cu-1022 301444093162901 11 618 1/4/2012 77.48 -66.48 9/28/1995 95.78 -84.78 18.30
Cu-11708Z* 302828093265801 88 260 1/10/2012 69.08 18.92 – – – –
Cu-1239 302106093115401 25 502 3/5/2012 47.83 -22.83 11/30/1995 54.08 -29.08 6.25
Cu-12894Z 300404093115801 10 520 2/20/2012 50.91 -40.91 – – – –
Cu-1388 301852093393902 30 585 12/30/2011 44.13 -14.13 12/12/1995 44.50 -14.50 0.37
Cu-1419 301331093172801 12 620 3/6/2012 81.59 -69.59 – – – –
Cn- 94 294543093391401 6.22 1,118 3/6/2012 37.98 -31.76 – – – –
Cn- 119 294709093174302 3.5 910 3/6/2012 25.62 -22.12 – – – –
Cu- 970* 300534092564401 5 780 12/22/2011 43.33 -38.33 11/21/1995 40.19 -35.19 -3.14
1Cu-1269* 301414093004501 22 503 1/3/2012 86.60 -64.60 12/12/1995 63.84 -41.84 -22.76


1Nearby site that taps the same aquifer was being pumped for both the 1995 and 2011–12 values.
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Potentiometric Surfaces and Water-
Level Differences in Wells of the “200-
Foot” Sand


Water levels in the “200-foot” sand generally were 
highest in northern Calcasieu Parish and lowest in the southern 
part of the city of Lake Charles; the highest water level was 
7.64 ft above NGVD 29 at well Cu-10260Z (table 1; fig. 5),2 
and the lowest water level was 49.89 ft below NGVD 29 at 
well Cu-768 (fig. 5). The direction of groundwater flow in 
much of the aquifer was generally from north to south and 
radially towards a shallow cone of depression delineated by 
the −40-ft contour on figure 5. Although there are water-
withdrawal sites in the “200-foot” sand in the vicinity of 
the cone of depression (fig. 6; table 2), the cone is primarily 
the result of much heavier pumping in this same area from 


2As mentioned previously in Methods, well Cu-11708Z was not included in 
the max-min analysis.


the “500-foot” sand (fig. 7; table 3), which is hydraulically 
connected to and affects water levels in wells screened in the 
“200-foot” sand as can be seen in the historical water use and 
water levels in the “200-foot,” “500-foot,” and “700-foot” 
sands (fig. 4; table 4).


Water-level differences in wells screened primarily 
in the “200-foot” sand indicate increases of as much as 
7.4 ft at wells in the Lake Charles metropolitan area and in 
western Calcasieu Parish (fig. 8; table 1) from 1995 to 2011, 
whereas water levels declined as much as 9 ft at wells near 
the eastern border of the study area during the same period. 
The water-level increases were primarily the result of reduced 
withdrawals from the “500-foot” sand; withdrawals from 
the “200-foot” sand changed little from 1995 to 2011–12 
(fig. 4). The water-level declines along the eastern border of 
the study area could be the result of seasonal fluctuations or 
increased withdrawals from the Chicot aquifer upper sand 
in neighboring Jefferson Davis Parish, where groundwater 
withdrawals increased from 66.03 Mgal/d in 1995 to 
90.18 Mgal/d in 2012 (U.S. Geological Survey, 2017b). 


Table 2. Withdrawals from the "200-foot" sand of the Lake Charles area and upper and 
undifferentiated sands of the Chicot aquifer system, southwestern Louisiana, 2010.


Site number1 Parish
Withdrawal rate, in million 


gallons per day (Mgal/d)
Aquifer


A2 Calcasieu 0.6 undifferentiated sand 


B2 Calcasieu 0.5 “200-foot” sand


C2 Calcasieu 0.1 “200-foot” sand


D2 Calcasieu 1.0 “200-foot” sand


E2 Calcasieu 0.3 “200-foot” sand


F2 Calcasieu 0.1 “200-foot” sand


G2 Calcasieu 0.1 “200-foot” sand


H2 Cameron 0.2 “200-foot” sand


I2 Cameron 0.2 “200-foot” sand


J2 Cameron 0.1 upper sand 


K2 Cameron 0.4 upper sand 
1See figure 6.
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Table 3. Withdrawals from the “500-foot” sand of the Lake Charles area, southwestern 
Louisiana, 2010.


Site number1 Parish
Withdrawal rate, in million 


gallons per day (Mgal/d)
Aquifer


A5 Calcasieu 2.3 “500-foot” sand


B5 Calcasieu 0.6 “500-foot” sand


C5 Calcasieu 1.5 “500-foot” sand


D5 Calcasieu 2.8 “500-foot” sand


E5 Calcasieu 6.5 “500-foot” sand


F5 Calcasieu 1.6 “500-foot” sand


G5 Calcasieu 1.5 “500-foot” sand


H5 Calcasieu 0.4 “500-foot” sand


I5 Calcasieu 20.7 “500-foot” sand


J5 Calcasieu 0.7 “500-foot” sand


K5 Calcasieu 0.5 “500-foot” sand


L5 Calcasieu 1.0 “500-foot” sand


M5 Calcasieu 1.4 “500-foot” sand


N5 Calcasieu 0.1 “500-foot” sand


O5 Calcasieu 9.7 “500-foot” sand


P5 Calcasieu 11.6 “500-foot” sand


Q5 Calcasieu 2.5 “500-foot” sand


R5 Calcasieu 1.7 “500-foot” sand


S5 Calcasieu 0.4 “500-foot” sand


T5 Cameron 0.1 “500-foot” sand


U5 Cameron 0.2 “500-foot” sand


V5 Cameron 0.2 “500-foot” sand


W5 Cameron 0.2 “500-foot” sand
1See figure 7.


Table 4.  Withdrawals, in million gallons per day (Mgal/d), from the “200-foot,” 
“500-foot,” and “700-foot” sands of the Lake Charles area, southwestern  
Louisiana, 1994–2012.


Year
“200-foot” sand 


(Mgal/d)
“500-foot” sand 


(Mgal/d)
“700-foot” sand 


(Mgal/d)
Total  


(Mgal/d)


1995 9.18 90.37 9.82 109.36
2000 19.45 95.74 9.79 124.97
2005 11.76 71.11 4.81 87.68
2010 9.68 72.38 3.22 85.28
2012 9.34 71.93 3.24 84.51
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Potentiometric Surfaces and Water-
Level Differences in Wells in the “500-
Foot” Sand


Water levels in the “500-foot” sand generally were 
highest in northern Calcasieu Parish and lowest between 
Carlyss and Prien. The highest of the 40 water levels 
determined in wells screened in the “500-foot” sand was 
2.43 ft below NGVD 29 at well Cu-1267 in northwestern 
Calcasieu Parish (fig. 9).3 The lowest water level in the “500-
foot” sand, 79.64 ft below NGVD 29, was determined at well 
Cu-828, located about 2 miles west-northwest of Prien Lake 
(fig. 10). Water levels were more than 40 ft below NGVD 29 
in most of the Lake Charles metropolitan area. A large cone 
of depression centered on the area between Lake Charles 
and Prien Lake comprises two smaller cones of depression 
underlying major pumping centers (fig. 7), where water levels 
were 70–80 ft below NGVD 29. The general direction of flow 
in the “500-foot” sand during 2011–12 was radially towards 
these pumping centers.


Water-level differences at wells screened in the “500-
foot” sand indicate increases of as much as 6.6 ft outside of 
the Lake Charles metropolitan area, with minor decreases 
at two wells located southeast of the metropolitan area 
(fig. 11). In the metropolitan area, water-level increases were 
more substantial, rising over 30 ft (fig. 12). The water-level 
increases in wells screened in the metropolitan area resulted 
from reduced withdrawals from the “500-foot” sand, which 
declined from 90.37 Mgal/d in 1995 to 71.93 Mgal/d in 2012 
(fig. 4; table 4).


3As mentioned previously in Methods, well Cu-11708Z was not included in 
the max-min analysis.


Potentiometric Surfaces and Water-
Level Differences in Wells in the “700-
Foot” Sand


Water levels in the “700-foot” sand generally were 
highest in northern Calcasieu Parish and lowest near the 
Calcasieu River north of Prien. The highest water level was 
14.13 ft below NGVD 29 at well Cu-1388 (fig. 13; table 1),4 
and the lowest water level was 69.59 ft below NGVD 29 at 
well Cu-1419. The potentiometric surface was more than 50 ft 
below NGVD 29 in most of the Lake Charles metropolitan 
area. The direction of groundwater flow in much of the 
aquifer was generally radial towards the cone of depression 
underlying the metropolitan area (fig. 13). Comparatively, 
there was little pumping from the “700-foot” sand or lower 
sand within the cone of depression (fig. 14; table 5), and the 
cone is the result of heavier pumping from the “500-foot” 
sand (fig. 7; table 3), which is hydraulically connected to and 
affects water levels in the “700-foot” sand. 


Water-level differences at wells screened primarily in the 
“700-foot” sand of the Lake Charles area indicate increases of 
about 19 ft in the north-central part of the study area; however, 
water levels decreased at wells near the eastern edge of the 
study area and in southwestern Calcasieu Parish (fig. 15). 
Although withdrawals from the “700-foot” sand decreased 
from 9.82 Mgal/d in 1995 to 3.24 Mgal/d in 2012 (fig. 4), 
the water-level increases were primarily the result of reduced 
withdrawals from the “500-foot” sand. The large water-level 
decline at well Cu-1269 at the town of Iowa (fig. 15) was 
probably the result of pumping at a nearby well when the 
2011 water level was determined and not indicative of broader 
declines in the aquifer in that area. The other declines near the 
eastern border were relatively small and could have resulted 
from seasonal water-level variation. The cause of the 7.77-ft 
decline in southwestern Calcasieu Parish is undetermined.


4As mentioned previously in Methods, well Cu-11708Z was not included in 
the max-min analysis.


Table 5. Withdrawals from the “700-foot” sand of the Lake Charles area and lower sand of the 
Chicot aquifer system, southwestern Louisiana, 2010.


Site number1 Parish
Withdrawal rate, in million 


gallons per day (Mgal/d)
Aquifer


A7 Calcasieu 0.9 “700-foot” sand


B7 Calcasieu 1.0 “700-foot” sand


C7 Calcasieu 0.3 lower sand
1See figure 14.
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Summary
The “200-foot,” “500-foot,” and “700-foot” sands of the 


Chicot aquifer system underlying southwestern Louisiana 
are an important source of freshwater in the Lake Charles 
metropolitan area and the surrounding communities in 
Calcasieu and Cameron Parishes in southwestern Louisiana. 
Potentiometric surfaces, water-level difference maps, and 
concurrent water-withdrawal data are important to help 
assess the effects of withdrawals, determine the direction 
of groundwater flow, and develop sustainable groundwater-
resource management strategies. To meet this need, the 
U.S. Geological Survey, in cooperation with the Louisiana 
Department of Transportation and Development, began a study 
in 2011 to measure depth to water in a network of 90 wells 
in order to determine and document water levels in wells 
screened in the “200-foot,” “500-foot,” and “700-foot” sands; 
prepare potentiometric-surface maps; and evaluate differences 
in the water levels between 1995 and 2011–12.


The lowest water levels in Calcasieu and Cameron 
Parishes in wells screened in the “200-foot,” “500-foot,” and 
“700-foot” sands were approximately 50, 80, and 70 feet (ft) 
below the National Geodetic Vertical Datum of 1929 (NGVD 
29), respectively, and were located specifically in the southern 
Lake Charles metropolitan area, to the west of Prien Lake, and 
between the cities of Lake Charles and Sulphur, respectively. 
The highest water levels in Calcasieu and Cameron Parishes 
occurring in wells screened in the “200-foot,” “500-foot,” and 
“700-foot” sands were approximately 8 ft above NGVD 29, 
2 ft below NGVD 29, and 14 ft below NGVD 29, respectively, 
and were all located in northwestern Calcasieu Parish. 


The distribution of water levels in the “200-foot,” “500-
foot,” and “700-foot” sands indicates a primary flow direction 
towards pumping centers overlying the water-level lows. 
Between 1995 and 2011–12, maximum water-level increases 
were approximately 7 ft in the “200-foot” sand, approximately 
31 ft in the “500-foot” sand, and approximately 19 ft in the 
“700-foot” sand. Water-level increases are consistent with a 
reduction in total withdrawals from these aquifers of about 
25 million gallons per day from about 109 million gallons 
per day in 1995 to about 85 million gallons per day in 2012. 
Groundwater withdrawals from the “500-foot” sand are the 
highest by volume and the most influential over water levels 
in the “200-foot” and “700-foot” sands.
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Figure 5. Potentiometric surface of wells screened in the “200-foot” sand of the Lake Charles area and upper and undifferentiated sands of the Chicot aquifer system, southwestern Louisiana, December 2011–March 2012.
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Figure 1. Study area and hydrogeologic cross-section lines. Cross sections shown on figure 3.


Figure 2. A, Total groundwater withdrawals in Calcasieu and Cameron Parishes, southwestern Louisiana, 
1960–2010, and B, water levels for wells screened in the “200-foot,” “500-foot,” and “700-foot” sands (well 
locations are shown in figs. 5, 9, 13). Blank where data are missing.


Figure 3. Hydrogeologic cross sections A–A’ and B–B’ (see fig. 1 for section trace 
locations; vertical scale is measured in reference to the National Geodetic Vertical Datum 
of 1929 (NGVD 29); modified from Nyman, 1984).


Figure 4. A, Groundwater withdrawals and B, water levels from wells screened in the “200-
foot,” “500-foot,” and “700-foot” sands of the Lake Charles area in Calcasieu and Cameron 
Parishes, southwestern Louisiana (water levels are presented in feet below the National Geodetic 
Vertical Datum of 1929 (NGVD 29); well locations are shown on figs. 5, 9, and 13).
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Class VI UIC Project Information Tracking 


This submission is for: 


      Project ID:    R06-LA-0002  


      Project Name:    Project Minerva  


      Current Project Phase:    Pre-Injection Prior to Construction  


 


General Information 


      Number of proposed Class VI wells: 4 


      Brief description of the project: Project Minerva comprises of 4 injection wells 


 


Facility and Owner/ Operator Information 


      Facility name: Minerva 


      Facility mailing address: 2417 Shell Beach Drive, Lake Charles, Louisiana 70601 


      Facility location:    Latitude: -999   Longitude: -999 


      Up to four Standard Industrial Classification (SIC) codes for the products/services provided by the facility: CO2 sequestration 


      Facility located on Indian lands: No 


Facility contact information 


      Contact person: Benajmin Heard 


      Contact's business phone number: 713 - 320 - 2497 


      Contact's business email: bheard@gcscarbon.com 


      Operator's name: Gulf Coast Sequestration 


      Operator's business address: 2417 Shell Beach Drive, Lake Charles, Louisiana 70601 


      Operator's business phone number: 713 - 320 - 2497 


      Operator's status: Private 


Ownership status: Owner 


 


Initial Permit Application 


      Permit Application Narrative: https://epa.velo.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/ProjInfo-03-26-


2021-2120/A.4.1--Class--VI--Permit--Application--Narrative--GSDT.pdf 


             Proposed project plans, submitted with the Project Plan Submission module: 


      Other Required Information: https://epa.velo.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/ProjInfo-03-26-


2021-2120/A.4.2--Class--VI--Permit--Application--Narrative--Appendices--GSDT.zip 


 


Updated Information 


 


Complete Submission 


Authorized submission made by: Benjamin Heard 


For confirmation a read-only copy of your submission will be emailed to:    randrews@gcscarbon.com 



https://epa.velo.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/ProjInfo-03-26-2021-2120/A.4.1--Class--VI--Permit--Application--Narrative--GSDT.pdf

https://epa.velo.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/ProjInfo-03-26-2021-2120/A.4.1--Class--VI--Permit--Application--Narrative--GSDT.pdf

https://epa.velo.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/ProjInfo-03-26-2021-2120/A.4.2--Class--VI--Permit--Application--Narrative--Appendices--GSDT.zip

https://epa.velo.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0002/Phase1-PreConstruction/ProjInfo-03-26-2021-2120/A.4.2--Class--VI--Permit--Application--Narrative--Appendices--GSDT.zip
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